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INTRODUCTION 


This  final  report  is  submitted  as  part  of  the  required  documentation  under 
Contract  DAAJ02-74-C-001  8 between  the  U.  S.  Army  Air  Mobility  Research 
and  Development  Laboratory,  Fort  Eustis,  Virginia  (USAAMRDL),  and 
Hughes  Helicopters,  Culver  City,  California.  Technical  effort  under  this 
contract  began  in  December  I ‘173  and  concluded  in  May  1974.  Work  done 
under  this  contract  is  a continuation  of  efforts  by  the  Army  to  improve  and 
update  structural  design  criteria  for  future  helicopters.  This  effort  was 
preceded  by  USAAMRDL  contracts  with  four  helicopter  manufacturers: 
Sikorsky  Aircraft  Division  of  United  Aircraft  Corporation  (Reference  20), 
Bell  Helicopter  Company  (Reference  21),  The  Boeing  Company,  Vertol 
Division  (Reference  22),  and  Hughes  Helicopters  (Reference  23).  The 
manufacturer  of  each  helicopter  type  derived  a mission  profile  applicable 
to  that  type  of  helicopter.  As  a natural  consequence  of  the  independent 
development  of  fatigue  mission  profiles  for  helicopters  over  the  last 
several  decades,  each  manufacturer  derived  the  profile  from  different 
points  of  view  using  different  analytical  techniques.  The  major  task  in 
this  project  was  to  integrate  these  varying  approaches  to  obtain  a con- 
sistent method  for  deriving  the  mission  profile  for  the  six  helicopter  types 
(observation,  utility,  utility/tactical  assault,  attack,  crane,  and 
transport). 
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TASK  I 


STUDY  AND  ANALYSIS  OF  AVAILABLE  LITERATURE 


The  objective  of  this  task  was  to  survey  both  civilian  and  military  litera- 
ture to  obtain  a data  bank  as  the  basis  for  mission  profile  development, 
evaluation  of  developed  profiles,  and  identification  of  critical  segments 
and  basic  conditions.  Literature  has  been  obtained  including  Govern- 
ment specifications,  operational  data,  and  manufacturer's  design  and 
operational  reports.  Several  flight  load  studies,  which  may  contain  data 
applicable  to  the  various  tasks  of  this  report,  were  identified  (References 
24  through  30)  but  could  not  be  obtained  in  time  to  be  used  in  this  report. 

A total  of  38  reports  were  identified  as  part  of  this  task.  These  are  listed 
in  the  bibliography,  and  an  abstract  of  each  is  given  in  the  appendix.  A 
summary  of  the  subjects  included  in  each  report  is  given  in  Table  I.  Each 
report  is  listed  across  the  top  of  the  table  by  the  number  corresponding  to 
the  bibliography.  A dot  appears  if  the  referenced  report  contains  data 
applicable  to  the  subjects  listed  in  the  left-hand  column. 
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TASK  II  - MISSION  PROFILE  DEVELOPMENT 


The  objective  of  this  task  was  to  develop  a standard  mission  profile  in- 
cluding a list  of  significant  flight  and  ground  conditions  with  a percentage 
of  occurrence  for  each  condition  and  a distribution  of  airspeed,  altitude, 
and  gross  weight  with  load  factor  for  the  six  helicopter  types.  Mission 
segment  time  percentages  were  determined  by  using  the  operational  data 
to  the  fullest  extent  possible.  The  operational  ata,  in  conjunction  with 
the  manufacturers'  design  and  operational  stun ,es,  were  used  co  distribute 
time  at  the  basic  condition  level.  As  pointed  out  in  all  the  design  and  oper- 
ational studies,  the  operational  data  were  open  to  various  interpretations. 
The  design  spectra  and  the  methods  of  interpretation  of  the  operational 
data  used  by  each  manufacturer  were  studied.  To  eliminate  inconsis- 
tencies and  contradictions  between  different  manufacturers,  these  spectra 
and  methods  were  modified  as  necessary  based  on  conversations  with 
manufacturers'  representatives  and  this  contractor's  experience.  Areas 
which  required  such  modification  or  interpretation  are  noted,  and  the 
consequences  are  explained  in  the  detailed  description  which  follows. 

MISSION  SEGMENTS 


The  first  step  in  developing  the  standard  mission  profile  was  to  rigorously 
define  meaningful  mission  segments  among  which  the  operational  data 
could  be  divided.  Six  segments  were  defined  as  follows: 

1.  Ground  Conditions.  This  segment  includes  all  conditions  that 
are  conducted  on  the  ground.  All  these  conditions  will  have  low 
engine  torque  values  and  zero  rate  of  descent.  This  segment 
does  not  include  takeoff  and  landing. 

2.  Takeoff,  Landing,  and  Low-Speed  Flight  Conditions.  This  seg- 
ment includes  all  flight  conditions  that  are  conducted  below  40 
knots  except  autorotation  landings. 

I.  Ascent  Conditions.  This  segment  includes  any  condition  which 
has  a sustained  rate  of  climb  greater  than  300  fpm  and  an  air- 
speed greater  than  40  knots.  All  maneuvers  initiated  from  these 
conditions  are  also  part  of  this  segment. 

4.  Forward  Flight  Conditions.  This  segment  consists  of  all  flight 
conditions  and  maneuvers  initiated  from  those  conditions  which 
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are  conducted  at  airspeeds  greater  than  40  knots  and  have  neither 
a sustained  rate  of  climb  nor  a descent  rate  greater  than  300  fpm. 

5.  Descent  Conditions.  This  segment  covers  all  powered  flight  con- 
ditions and  maneuvers  initiated  from  those  conditions  which 
have  a sustained  rate  of  descent  greater  than  300  fpm  and  an 
airspeed  greater  than  40  knots. 


6.  Autorotation  Conditions.  Included  in  this  segment  are  all  power- 
off  flight  conditions  and  maneuvers  initiated  from  a power-off 
condition  (includes  power  recovery).  A flight  condition  enters 
the  regime  of  this  segment  at  the  instant  of  power  loss. 

These  segments  were  chosen  primarily  on  the  basis  that  each  has  a notably 
different  fatigue  damage  rate  due  to  the  amount  of  power  required  or  the 
unusual  airflow  associated  with  transition  between  hover  and  forward  flight. 
The  definitions  are  intended  to  eliminate  any  ambiguity  in  the  process  of 
editing  operational  data  and  to  facilitate  use  of  data  already  collected.  One 
of  the  main  distinctions  of  these  mission  segments,  compared  to  those 
used  previously,  is  that  these  do  not  include  a separate  maneuver  segment. 
This  is  done  in  recognition  of  the  fact  that  maneuvers  occur  in  all  phases 
of  flight.  The  broad  distribution  of  the  maneuver  segment  in  the  opera- 
tional data  over  rate  of  climb  (e.  g.  , Reference  19,  page  28,  Figure  9b) 
shows  that  maneuvers  occur  in  all  segments.  Operational  data  were  sepa- 
rated into  these  six  segments  using  the  torque,  airspeed,  and  rate-of- 
climb  histograms,  where  available.  A priority  of  parameters  was  estab- 
lished according  to  the  definitions  above.  That  is,  the  time  in  a given 
segment  of  operational  data  was  divided  among  the  six  standard  segments 
by  first  deducting  the  amount  in  autorotation  (defined  here  as  less  than  10 
percent  torque),  followed  by'  deducting  the  portion  below  40  knots,  and  then 
the  remainder  of  the  operational  segment  was  divided  equally  among  ascent, 
descent,  and  forward  flight.  This  was  done  for  all  references  which  pre- 
sented data  in  this  form.  The  operational  data  which  did  not  have  all  the 
necessary  histograms  or  were  in  a three  - segment  presentation  required 
modification  of  this  technique  and  assumptions  that  missing  data  followed 
trends  similar  to  the  other  data  on  the  same  type  of  helicopter.  The  opera- 
tional reports  did  not  cover  ground  conditions.  A value  of  4 percent  was 
assigned  for  ground  conditions  based  on  the  number  of  takeoffs  and  landings 
given  for  some  of  the  helicopter  types  in  the  operational  data.  The  results 
of  this  step  are  shown  in  Figure  1 for  each  helicopter  type.  These  six  seg- 
ments will  be  referred  to  as  "the  standard  segments"  throughout  this  report. 


O OBSERVATION 


Figure  1.  Mission  Segment  Comparison. 


BASIC  CONDITIONS 


The  second  step  in  developing  a standard  protile  was  to  create  a list  of 
basic  conditions.  A!i  the  design  and  operational  reports  (Reference's  20 
through  23),  as  well  as  AR-h6  (Reference  1),  CAM-6  (Reference  2),  and 
AMCP  706-20  3 (Reference  3),  were.1  used  to  compile  this  list.  Further, 
the  lists  of  proposed  standard  mission  segments  and  basic  conditions 
occurring  in  each  segment  were  taken  to  Boeing- Vertol,  Sikorsky,  Kaman 
Corporation,  Technology  Inc..,  and  Bell  to  discuss  their  completeness  and 
app’ icability  for  use  in  developing  a fatigue  survey  spectrum.  All  of  these 
com  lanies  had  favorable  comments  on  the  standard  mission  segments. 
Suggestions  were  made  to  add  some  basic  conditions  and  to  delete  others 
from  some  segments.  Generally,  deleted  conditions  were  those  which  did 
not  apply  to  certain  segments.  For  example,  control  reversals  were  de- 
leted from  the  ascent,  descent,  and  autorotation  segments.  The  resulting 
basic  condition  list  is  shown  in  the  left-hand  column  of  Table  II.  Each 
basic  condition  may  encompass  several  detailed  flight  conditions.  For 
example,  the  turn  condition  which  a.ppears  in  segments  2 through  6 may 
encompass  right,  left,  S,  and  steep  turns  with  varying  rates  of  entry  and 
recovery.  (To  achieve  a profile  in  such  detail  is  beyond  the  scope  of  this 
program.) 

SUBDIVISION  OF  SEGMENTS 

Segments  2 through  S were  divided  into  a time  portion  covering  steady  con- 
ditions and  a time  portion  for  maneuvering  conditions.  The  time  for  the 
six  standard  segments  was  accumulated  from  contributions  from  each  of 
the  four  operational  segments  based  on  rate  of  climb,  power,  and  air- 
speed. According  to  the  segment  definitions  of  the  operational  data,  the 
maneuver  portion  of  any  standard  segment  could  have  come  from  the 
maneuver,  ascent,  or  descent  operational  segments.  This  overlap  makes 
the  operational  data  impossible  to  interpret  precisely.  Each  manufacturer 
preparing  References  20  through  23  handled  this  problem  somewhat  dif- 
ferently, each  recognizing  that  a judgment  was  required.  No  consist- 
ent interpretation  of  the  operational  data  could  be  achieved  for  this  pur- 
pose. It  was  clear  that  much  of  the  maneuvering  during  takeoff  and  landing 
(Segment  2)  was  included  in  the  ascent  or  descent  operational  segment, 
although  in  widely  varying  amounts  from  one  type  of  helicopter  to  another. 
The  maneuver  portion  of  Segment  2 was  determined  using  varying  amounts 
of  time  from  the  operational  ascent  and  descent  segments  depending  on 
times  given  in  the  manufacturer's  design  spectrum  and  judgment  based  on 
comparing  the  six  missions.  The  utility  and  the  utility /tactical  assault 
helicopters  had  very  limited  operational  data  in  a form  usable  for  deter- 
mining the  maneuver  portion  of  the  segments.  The  other  segments  showed 
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a reasonable  relationship  to  each  other  and  to  the  design  spectrum  using 
just  the  time  from  the  operational  maneuver  segment. 


The  data  that  were  available  for  the  utility/tactical  assault  helicopter  (Ref- 
erences 11  and  14)  were  contradictory.  Reference  14  showed  54  percent 
for  the  maneuver  segment,  while  Reference  11  showed  i2.19  percent.  A 
value  of  4P  oercent  was  felt  to  be  a representative  amount  for  this  type  of 
helicopter,  as  the  12.19  percent  in  Reference  11  does  not  appear  to  be 
realistic.  There  were  no  rate-of-climb  histograms  available  for  other  than 
the  steady  segment,  in  these  reports.  Reference  18  was  used  as  the  most 
representative  for  rate-o'-climb  data.  This  resulted  in  segment  percentages 
comparing  very  well  with  other  helicopter  types  for  standard  Segments  3 
through  5.  However,  the  takeoff,  landing,  and  low-speed  segments  had  a 
considerably  lower  percentage  of  occurrence  than  all  other  types.  This 
is  a result,  as  discussed  above,  of  takeoffs  and  landings  being  included  in 
the  operational  ascent  and  descent  segments.  There  were  no  design  and 
operational  reports  available  for  the  utility /tactical  assault  type  or  the 
utility  type  discussed  below.  Because  of  this  lack  of  data,  a value  between 
the  attack  and  observation  types  of  65  percent  was  estimated  for  the  maneuver 
portion  of  standard  Segment  2.  Ibis  is  based  on  the  number  of  takeoffs  and 
landings  that  this  type  of  vehicle  would  be  expected  to  make  in  hostile  areas. 


The  data  available  for  the  utility  helicopter  was  also  very  limited.  Al- 
though there  are  a comparatively  large  number  of  reports  dealing  with 
the  utility  helicopter,  all  of  those  available  were  done  prior  to  1966.  The 
data  from  Reference  18  were  used  to  calculate  the  portion  of  each  standard 
segment  spent  maneuvering.  This  resulted  in  values  below  all  other  heli- 
copter types  for  Segments  2 through  5.  Clearly,  this  is  cut  of  line  with  the 
utility  mission.  This  is  a result  of  the  value  of  only  1 percent  given  to  the 
maneuver  segment  in  Reference  18.  Values  were  assigned  for  the  maneuver 
percentages  for  the  standard  segments  below  the  values  for  the  attack  and 
utility/tactical  assault  helicopters , and  above  the  crane  and  transport  values. 
The  takeoff  and  landing  segment  was  given  a value  greater  than  that  for  the 
attack  helicopter,  reflecting  the  increased  activity  during  takeoff  and  landing 
and  the  similarity  to  the  observation  and  utility/tactical  assault  types  for  the 
segment.  The  values  resulting  from  this  discussion  are  shown  in  Figure  2. 
Segment  6 is  discussed  separately  later  in  tins  task. 
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TABLE  II  - Continued 


TAB  LIZ  II  - Continued 
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S EPA R ATION  OF  LOAD- F A C TOR-PRODUCING  CONDITIONS 

An  attempt  was  made  to  further  break  down  the  maneuver  portions  obtained 
above  into  load-factor-pvoducing  maneuvers  and  maneuvers  not  producing 
load  factor.  Most  of  the  operational  reports  contain  load  factor  peak  tables 
and  exceedance  curves.  In  order  to  use  these  data  to  accomplish  this  break- 
down, a number  of  assumptions  were  made.  Since  the  tables  do  not  deal 
with  individual  segments,  a distribution  of  peaks  among  the  segments  was 
assumed.  The  data  are  given  in  terms  of  load  factor  peaks;  therefore,  a 
maneuver  duration  time  was  assumed  to  convert  to  lime  units.  Values 
of  maneuver  durations  for  the  various  basic  conditions  are  presented  in 
Table  III.  Assumptions  of  this  type  were  made  usin’  the  most  conserva- 
tive durations  for  the  attack  data  (Reference  16).  Toe  times  obtained  for 
load-factor-producing  conditions  were  f?.r  l.'S'  than  tue  design  spectrum. 

This  approach  was  dropped  as  a method  of  determini-  , the  load-fac'  r- 
producing  portion  of  the  segments.  The  load  factor  peak  curves  and  tables 
were,  however,  used  to  determine  the  distribution  of  load  factor  with 
gross  weight,  altitude,  and  airspeed.  This  is  discussed  later  in  this 
ta  sk. 

BASIC  CONDITION  PERCENTAGE  OF  OCCURRENCE 

Instead  of  the  above,  a more  conservative  and  straightforward  approach 
was  adopted  using  the  design  spectrum  proportions  to  obtain  a first  cut  at 
basic  condition  percentages  for  the  maneuver  and  steady  categories  of 
each  segment.  Some  basic  conditions  were  not  included  by  some  manu- 
facturers; percentages  were  estimated  for  these  based  on  comparison  with 
other  spectra,  AR-56,  and  experience.  Basic  condition  percentages  were 
obtained  for  each  helicopter  type  for  which  there  was  a design  spectrum 
available.  Design  spectra  were  not  available  for  the  utility  or  utility/ 
tactical  assault  helicopters.  In  order  to  provide  a guide  for  these  two,  as 
well  as  to  arbitrate  the  tendency  of  different  manufacturers  to  accent  one 
condition  more  than  others,  the  perr  jntage  of  occurrence  figures  were 
tabulated  for  each  of  the  six  types  for  each  basic  condition.  This  pointed 
out  a large  number  of  differences  in  the  takeoff  and  landing  segment  and 
the  autorotation  segment  with  or.ly  a few  differences  in  the  other  segments. 


Segment  2 was  treated  by  normalizing  the  basic  condition  percentage  of 
occurrences  to  account  for  differences  in  segment  time.  These  were 
plotted  cn  a single  graph  to  obtain  a visual  conception  of  the  relative  mag- 
nitudes for  the  different  helicopter  types.  These  were  then  modified  based 
on  a comparison  of  the  mission  assigned  to  each  type  helicopter. 


TABLE  III  - Continued 
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Segment  6 is  primarily  a training  exercise  and  not  directly  related  to  the 
mission  assigned.  This  supports  the  conclusion  that  the  basic  conditions 
should  have  the  same  proportion  of  the  segment  regardless  of  helicopter 
type.  A single  or  dual  powerplant  is  the  predominant  factor  governing  the 
time  for  the  entire  segment.  Multiengine  aircraft  will  rarely  do  full  auto- 
rotations,  even  in  practice.  It  is  concluded  that  the  autorotation  segment 
percentages  should  be  the  same  for  all  types;  however,  for  multiengine 
aircraft,  these  conditions  are  performed  with  one  engine  on.  The  auto- 
rotation segment  time  was  taken  as  the  average  of  the  time  at  less  than 
10  percent  torque  for  all  types.  The  distribution  of  this  time  among  the 
basic  conditions  was  determined  using  an  average  (if  all  the  design  spec- 
tra, AM  CP  706-203,  AR-56,  and  CAM-6. 

The  distribution  among  the  basic  conditions  of  Segment  1 was  handled  in  a 
similar  manner.  The  percentages  of  occurrences  obtained  from  this 
approach  are  presented  in  Table  II. 

DISTRIBUTION  OF  LOAD  FACTOR  WITH  AIRSPEED,  GROSS  WEIGHT, 
AND  ALTITUDE  

Load  factor  distributions  with  airspeed,  gross  weight,  and  altitude  are 
presented  in  Figures  3 through  20.  These  data  represent  composites  of 
data  currently  available  from  published  reports  of  flight  loads  surveys 
during  test  and  operational  usage  of  various  types  of  helicopters.  The 
distributions  are  indicative  of  either  a combat  environment  or  a peacetime 
environment,  and  in  some  instances,  a composite  of  both  environments. 

The  available  reports  were  grouped  according  to  the  six  types  of  helicop- 
ters. From  each  group  of  reports,  a composite  percentage  of  load  factor 
peaks  was  compiled  for  each  type.  The  load  factor  values  were  normalized 
to  a load  factor  ratio  in  terms  of  delta  peak  load  factor/delta  limit  load 
factor  (AN^/ANl).  Delta  limit  load  factor  was  defined  as  the  design  limit 
value  minus  lg  (Nj^  -1)  at  maximum  design  gross  weight.  For  example, 
a peak  load  factor  of  1.60g  at  a design  limit  value  of  2.0g  would  correspond 
to  a load  factor  ratio  of  +0.6  (AN^/ANj^  = (1.6  — 1 )/ (2  — 1)).  For  those  load 
factor  ratio  ranges  where  no  percentage  values  are  indicated,  either  no 
peaks  occurred  or  no  data  were  available.  The  available  flight  loads  re- 
ports lacked  data  near  the  l.Og  level.  Occurrence  of  load  factor  peaks 
approaches  infinity  for  load  factors  near  the  lg  level.  This  is  signified  by 
the  vertical  dashed  lines  on  the  load  factor-airspeed  distribution  curves. 
For  data  editing  purposes  during  these  studies,  threshold  values  of  0.85g 
and  I.15g  were  established  and  all  peaks  occurring  between  these  values 
were  ignored. 

The  load  factor -air speed  distributions  for  each  type  were  separated  into  a 
different  distribution  for  each  range  of  airspeed,  where  airspeed  is  pre- 
sented in  terms  of  percent  Vjq.  An  attempt  was  made  to  present  airspeed 
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ranges  which  corresponded  as  closely  as  possible  to  the  increments  pre- 
sented in  the  standard  mission  segments;  however,  the  increments  shown 
were  dictated  somewhat  by  the  increments  presented  in  the  reports  used 
to  compile  these  distributions. 

The  load  factor-gross  weight  distributions  are  presented  in  terms  of  per- 
centage of  load  factor  peaks  in  ranges  of  gross  weight  ratios.  Gross 
weight  ratio  was  defined  as  gross  weight  divided  by  maximum  design 
gross  weight.  Values  of  maximum  design  gross  weight  were  obtained 
from  the  vehicle  characteristics  for  each  helicopter  type  as  presented  in 
the  available  literature.  The  ratios  were  broken  into  segments  corre- 
sponding to  a low,  mid,  and  high  gross  weight  for  each  type  of  vehicle. 
Again,  the  increments  presented  v/ere  dictated  by  the  available  data  used 
to  compile  the  distributions  and  the  maximum  design  gross  weights  of  the 
types  of  helicopter  surveyed. 

The  load  factor -altitude  distributions  are  similar  in  format  to  the  gross 
weight  distributions  except  that  they  are  plotted  against  altitude  ranges  ex- 
pressed in  feet. 


To  establish  the  gross  weight  and  altitude  distributions  with  load  factor, 
a percentage. was  determined  for  each  load  factor  increment  based  on  the 
distribution  shown  in  the  "total"  column  of  the  "load  factor-tip  speed  ratio" 
tables  in  the  operational  data  (e.  g.  , Reference  19,  Figure  14,  page  36). 

This  percentage  for  each  load  factor  level  was  distributed  in  the  same 
ratio  as  the  percentage  of  total  time  in  each  grass  weight  and  altitude  range. 
As  an  example,  for  the  observation  helicopter,  the  average  percentage  of 
load  factor  peaks  in  the  AN^/AN^  range  of  0.13  to  0.19  was  43.0  percent 
over  the  total  airspeed  range.  The  gross  weight  distribution  for  the  ob- 
servation helicopter  indicated  that  66.6  percent  of  the  time  was  spent  in  a 
mid  gross  weight  range  corresponding  to  a GW/MDGW  ratio  of  0.74  to 
0.89.  Therefore,  the  percentage  of  load  factor  peaks  in  the  AN^/AN^ 
range  of  0.13  to  0.19  for  gross  weight  ratios  between  0.74  and  0.89  was 
determined  to  be  0.666  X 43.0  - 28.6  percent.  This  approach  produces  a 
gross  weight  and  altitude  distribution  with  load  factor  that  is  independent 
of  airspeed.  In  most  cases,  the  percentage  of  load  factor  peaks  in  a 
given  AN^/ANi^  range  did  not  vary  significantly  with  airspeed  for  a given 
helicopter  type. 


Distributions  of  load  factor  with  center  of  gravity  were  not  determined 
because  of  the  lack  of  available  data.  Previously  published  reports  have 
not  approached  the  subject  of  load  factor  distributions  as  a function  of 
center  of  gravity.  During  most  manufacturers'  flight  loads  surveys,  tests 
are  conducted  at  whatever  center  of  gravity  position  is  determined  to  be 
the  most  '-ritical  for  the  condition  being  tested. 


19 


& . 


PROFILE  COMPARISON  BY  TYPE  OF  MISSION 


The  standard  mission  profiles  presented  in  this  report  cover  six  types  of 
helicopter  missions.  For  the  most  part,  each  mission  type  is  distinct, 
although  there  is  some  overlap  in  capabilities  and  assignments.  These 
missions  are  reflected  in  the  profile  for  each  helicopter  type,  and  the  dif- 
ferences may  be  seen  by  comparing  the  segment  percentages,  the  portion 
of  the  segments  in  maneuvering,  and  the  basic  condition  percentages  of 
occurrence. 

Figure  1 shows  the  mission  segment  percentages  for  each  helicopter  type. 

At  this  level,  there  is  not  much  difference  between  the  types.  The  greatest 
variation  occurs  in  the  takeoff,  landing,  and  low-speed  segment.  The 
crane  and  transport  helicopters  are  highest  in  this  segment.  This  indi- 
cates a predominance  of  short  flights  or  prolonged  activity  at  takeoff  and 
landing  zones.  The  attack  and  utility /tactical  assault  types  were  lowest 
in  the  takeoff  and  landing  segments.  This  indicates  that  these  types  are 
primarily  employed  for  patrol  and  offensive  missions  and  do  not  spend 
much  time  at  takeoff  and  landing  zones.  The  high  percentage  for  the  attack 
mission  in  the  descent  segment  is  indicative  of  the  increased  amount  of 
diving  done  by  an  attack  helicopter. 

Figure  2 shows  the  segment  time  percentage  spent  in  maneuvering  condi- 
tions for  each  helicopter  type.  This  figure  shows  major  differences  be- 
tween the  types.  These  differences  are  particularly  significant  because 
maneuvers  have  a strong  effect  on  fatigue  life.  Each  helicopter  mission 
is  described  by  the  shape  of  the  curve.  For  example,  the  crane  and  trans- 
port helicopters  spend  a good  part  of  their  time  in  Segment  2 maneuvering, 
with  little  maneuvering  at  speeds  above  40  knots.  This  indicates  that  their 
maneuvering  is  associated  with  takeoff,  landing,  and  low-speed  operations 
probably  connected  with  load/passenger  pickup  and  release.  Time  above 
40  knots  is  mostly  straight  and  level  flight  to  destination.  In  contrast  is  the 
attack  mission  curve,  indicating  maneuvering  only  as  necessary  for  take- 
off and  landing  at  low  speed  with  concentrated  maneuvering  above  40  knots, 
especially  in  ascent  and  descent.  This  is  indicative  of  gunnery  and  evasive 
maneuvers.  The  other  helicopter  types  have  intermediate  values  for 
maneuvers  reflecting  the  severity  of  their  missions  in  each  segment.  The 
observation  mission  curve  shows  a high  concentration  of  maneuvering  in 
the  low-speed  segment.  This  may  be  a result  of  the  requirement  for  com- 
manders to  observe  activity  at  several  hot  spots  in  the  same  vicinity  and 
possibly  to  dodge  fire  while  loitering  over  one  location. 

The  preceding  paragraph  discusses  the  amount  of  maneuvering  done  in 
each  segment.  The  types  of  maneuvers  performed  are  also  very  important. 
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The  distribution  of  time  amonj>  maneuvering  conditions  and  steady  condi- 
tions within  the  spi^rnent  is  shown  by  the  percentages  of  occurrence  in 
Table  II.  Looking  at  Segment  2,  it  may  be*  seen  that  the  observation  heli- 
copter performs  a large  number  of  turns  in  low-speed  flight  and  a high 
percentage  in  the  fl?„re  condition.  These  maneuvers  would  be  performed 
to  observe  ground  activity  from  various  vantage  points.  On  the  other 
hand,  the  crane  spends  over  6 percent  of  its  life  in  a steady  hover.  This 
would  occur  while  loads  are  being  picked  up  or  released.  The  attack  heli- 
copter has  the  highest  percentage  for  pop-ups.,  which  would  be  performed 
when  the  helicopter  pops  up  vertically  from  behind  cover  to  fire  and  re- 
turns to  cover.  Some  conditions  occur  so  rarely  that  they  have  been  given 
zero  percentage  of  occurrence  for  some  helicopter  types;  i.  e.  , ascending 
pushovers  for  both  the  crane  and  transport. 

It  is  clear  from  the  discussion  in  the  preceding  paragraphs  that  the  basic 
condition  percentages  of  occurrence  are  closely  related  to  the  mission. 
Missions  not  covered  or  expanded  missions,  which  may  be  flown  by  future 
helicopters,  will  require  modification  to  the  basic  condition  percentages 
of  occurrence.  Modification  to  the  airspeed,  gross  weight,  and  altitude 
distributions  with  load  factor  may  also  be  necessary.  However,  this  is 
not  recommended  without  additional  data  because  distributions  are  given 
in  terms  of  design  capability  (Vj_j,  Np,  BSDWG,  etc)  and  only  determine 
distribution  of  basic  condition  time,  not  magnitude.  The  value  for  each 
basic  condition  percentage  of  occurrence  may  be  estimated  by  comparing 
the  new  mission  to  the  six  shown.  These  estimates  would  then  need  to  be 
normalized  so  that  each  segment  totals  to  the  same  value  as  the  helicopter 
profile  most  closely  related  to  the  new  mission. 

LOAD  FACTOR  DISTRIBUTION  COMPARISON  BY  MISSION  TYPE 


Observation 

The  load  factor -air speed  distribution  for  the  observation  helicopter  indi- 
cates that  the  highest  and  low'est  load  factor  levels  (AN^/ANgJ  are  attained 
in  the  mid  airspeed  ranges  (46  to  61  percent  Vpj).  As  the  extremes  of  the 
airspeed  spectrum  are  approached,  the  load  factor  envelope,  indicated  by 
the  width  of  the  histogram,  decreases  and  the  percentage  values  for  a 
given  AN^/ANj^  level  decrease.  However,  the  percentage  values  for 
maximum  load  factor  peaks  are  apparently  greater  at  the  higher  airspeeds 
than  at  the  lower  airspeeds. 

The  load  factor-gross  weight  distribution  indicates  that  the  greatest  per- 
centage of  load  factor  peaks  occur  in  the  mid  gross  weight  range,  and  more 
peaks  occur  at  the  higher  gross  weight  than  at  the  lower  gross  weight. 
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The  greatest  percentage  of  load  factor  peaks  occur  in  the  mid  altitude 
range  of  2000  to  4000  feet. 


Utility 

For  the  utility  helicopter,  the  distribution  of  load  factor  peaks  with  air- 
speed did  not  vary  significantly  throughout  the  airspeed  spectrum.  The 
only  apparent  difference  occurs  in  the  60  to  80  percent  Vpj  airspeed  range, 
where  a greater  number  of  minimum  peaks  occur  than  in  the  other  air- 
speed ranges.  Note  that  these  minimum  peaks  represent  a small  per- 
centage of  the  total  in  the  60  to  80  percent  Vpj  range. 


The  load  factor-gross  weight  distribution  indicates  that  the  greatest  per- 
centage of  load  factor  peaks  occurred  in  th'  mid  and  high  gross  weight 
ranges.  For  a given  range  of  AN2/ANL,  the  percentage  of  peaks  in  the 
mid  gross  weight  range  was  only  slightly  greater  than  the  values  for  the 
high  gross  weight  iange. 


The  load  factor -altitude  distributions  indicate  that  the  greatest  number  of 
load  factor  peaks  occurred  in  the  mid-altitude  range  (2000  to  5000  feet)-. 
The  percentage  values  in  this  range  were  significantly  greater  than  for  any 
other  altitude  range. 

Utility/Tactical  Assault 

The  distribution  of  load  factor  peaks  with  airspeed  for  the  utility /tactical 
assault  helicopter  remains  relatively  constant  throughout  the  airspeed 
spectrum;  i.  e.  , the  percentage  of  load  factor  peaks  for  a given  AN^/AN-^ 
range  between  0 and  0.6  does  not  vary  significantly.  The  lowest  (minimum) 
load  factor  values  occur  in  the  55  to  74  percent  Vpj  range.  However,  in 
terms  of  percentage  of  peaks,  they  represent  a very  small  portion  of  the 
total  load  factor  spectrum. 

The  load  factor-gross  weight  distribution  indicates  that  the  greatest  per- 
centage of  load  factor  peaks  occurred  in  the  mid  and  high  gross  weight 
range.  The  percentage  values  in  the  lower  gross  weight  range  were  con- 
siderably less  than  the  values  in  the  upper  ranges. 


The  distribution  of  load  factor  peaks  with  altitude  shows  a gradual  increase 
in  the  percentage  values  for  a given  AN^/ANj^  range  as  the  altitude  in- 
creases. However,  at  the  high-altitude  range  (>5000  feet),  the  percent- 
age values  drop  off  considerably. 
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Attack 


As  indicated  by  the  load  factor-airspeed  distribution  for  the  attack  heli- 
copter, the  range  and  magnitude  of  the  load  factor  peaks  are  significantly 
greater  than  for  the  other  helicopter  types.  The  greatest  range  of  AN yj 
ANp  values  occurs  in  the  56  to  70  percent  Vpj  airspeed  range.  However, 
the  greatest  percentage  of  peaks  in  the  higher  load  factor  ranges  occurred 
at  slightly  higher  speeds,  the  70  to  84  percent  Vpj  range.  The  70  to  84 
percent  Vp[  airspeed  segment  contains  the  largest  percentages  of  load 
factor  peaks  in  the  upper  ranges  of  AN^/ANj^.  The  percentage  values 
vary  from  approximately  27  percent  of  the  peaks  in  the  0.14  to  0.21 
AN^/^Np  range  to  4 percent  of  the  peaks  in  the  0.84  to  0.98  iiN^/ANj__ 
range,  with  the  other  load  factor  levels  varying  between  these  two  values. 
The  84  to  98  percent  Vpj  airspeed  range  has  an  even  distribution  of  high 
load  factor  peaks. 


The  load  factor-gross  weight  distribution  indicates  that  a minimal  percent- 
age of  load  factor  peaks  occur  in  the  low  gross  weight  range  (GW/MDGW 
<0.74).  The  mid  gross  weight  range  extends  to  a relatively  high  value  of 
GW/MDGW  (0.95)  due  to  the  ranges  for  which  data  were  available  from 
the  operational  studies.  The  operational  studies  indicated  that  a large 
amount  of  total  flight  time  was  spent  at  the  higher  gross  weights,  and  there- 
fore the  percentages  of  load  factor  peaks  were  correspondingly  higher  at 
the  upper  gross  weights. 


The  load  factor -altitude  distribution  shows  that  the  highest  percentages  of 
load  factor  peaks  occurred  in  the  2000-  to  5000-foot  altitude  range.  The 
lowest  percentage  of  peaks  occurred  in  the  range  of  5000  to  10,000  feet  and 
greater  than  10,000  feet. 


Crane 


The  single  feature  of  the  load  factor -air speed  distribution  that  is  most 
apparent  for  the  crane  helicopter  is  the  narrow  range  of  AN^/ANp  in 
which  the  load  factor  peaks  occurred.  The  percentages  of  load  factor 
peaks  in  the  range  of  -0.4  to  +0.4  AN^/AN^  are  significantly  higher  than 
the  values  for  the  other  helicopter  types.  For  each  airspeed  range,  over 
80  percent  of  the  total  number  of  load  factor  peaks  occurred  between 
AN^/ANl  values  of  ±0.16  and  0.24.  Note  that  this  does  not  include  unre- 
corded peaks  occurring  between  AN^/ANl  values  of  -0.15  ar.d  +0.15. 


The  load  factor-gross  weight  distribution  for  the  crane  helicopter  indicates 
that  the  lowest  percentages  of  load  factor  peaks  occurred  in  the  mid  gross 
weight  range.  The  greatest  percentage  of  peaks  occurred  in  the  low  gross 
weight  range  (GW/MDGW < 0. 7 1 ). 
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The  load  tactor -altitude  distribution  shows  that  the  highest  percentages  of 
load  factor  peaks  occurred  in  the  2000-  to  5000-foot  altitude  range.  The 
second  highest  percentages  occurred  in  the  upper  altitude  range  (5000  to 
10,000  feet),  although  the  values  were  considerably  less  than  those  in  the 
2000-  to  5000-foot  range. 

T ransport 

For  the  transport  helicopter,  the  distribution  of  load  factor  peaks  with 
airspeed  does  not  vary  significantly  throughout  the  airspeed  spectrum. 
Also,  the  magnitudes  of  the  load  factor  peaks,  as  indicated  by  the  width 
of  the  ANZ/ANL  band  for  each  airspeed  range,  are  not  excessive.  They 
compare  quite  closely  with  the  values  shown  for  the  crane  helicopter.  As 
in  the  case  of  the  crane  helicopter,  over  R0  percent  of  the  total  load  factor 
peaks  in  each  airspeed  range  occurred  between  AN^/ANp  values  of  ±0.15 
and  0.23.  Again,  this  does  not  include  the  unrecorded  peaks  occurring  be- 
tween ANZ/ANZ  values  of  -0.15  and  *0.15. 

The  load  factor-gross  weight  distribution  for  the  transport  helicopter  in- 
dicates that  the  greatest  number  of  load  factor  peaks  occurs  in  the  low 
gross  weight  range.  Only  a very  small  percentage  of  load  factor  peaks  at 
any  given  ANZ/AN[  level  occur  in  the  GW/MDGW  range  greater  than 
0.1)1  . 


The  transport  helicopter  incurred  the  greatest  percentages  of  load  factor 
peaks  in  the  mid  altitude  range  of  2000  to  5000  feet.  The  percentage  dis- 
tribution of  peaks  in  the  remaining  altitude  ranges  remained  relatively 
constant.  The  percentage  of  peaks  occurring  in  the  altitude  range  greater 
than  10,000  feet  is  negligible. 
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Figure  3e 


Load  Factor  - Air  speed  Distribution,  Observation  Type 
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Figure  3f.  Load  Factor- Airspeed  Distribution,  Observation  Type 
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Figure  1 Zb.  Load  Factor- Airspeed  Distribution,  Attack  Typ 
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Figure  12e.  Load  Factor- Airspeed  Distribution,  Attack  Type 
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Figure  1 5f.  Load  Factor  - A ir  speed  Distribution,  Crane  Typ 
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Table  IV  presents  a peak  walin’  comparison,  u desiei  am1  '’pe  ra i ional  flight 
loads  parameters,  showing  trie  major  dCii-reni  >■  - rtween  model  specifica- 
tion and  actual  utilization  data.  i:  c data  -wn  v.  • r<‘  obtained  from  !<er- 
c* renecs  iiO  through  di  and  are  apolit  able  t>  - the  o’  -ervation,  attack,  crane, 
and  transport  helicopters.  Model  sne<  :l'n  .ilion  data  were  not  available  for 
the  utility  and  utility /tactic  al  as-ault  type  helu  opt  • * t s. 


The  flight  loads  parameter.-,  cove  red  on  t!ie  table  a re  airspeed,  vertical 
acceleration,  engine  power,  r|)i:i,  and  wr<i:-.«  weiyt.t.  Control  positions 
are  not  included  inasmuc  h as  th<j  design  limiting  cha  racteristics  exis'  as 
physical  stops  and  not  as  flight,  manual  limitations  that  can  be  exceeded. 
Some  t;aps  exist  on  the  table  because  the  reference  material  does  not 
show  data  for  all  of  the  flight  loads  parameters. 

Tables  V through  IX  list  the  limiting  factors  which  influence  the  magnitude 
of  the  flight  load  parameter  peak  values.  Kach  table  represents  a single 
parameter  and  includes  the  limiting  factors  by  helicopter  type.  Two 
general  limiting  factors  which  would  liave  a major  effect  on  the  opera- 
tional peak  values  of  all  the  parameters  are  not  included  on  the  table  but 
are  discussed  in  the  paragraphs  which  follow. 

The  decree  to  which  the  operational  data  were  biased  by  the  pilots  because 
they  knew  they  were  being  monitored  is  unknown.  An  unbiased  sample,  if 
such  were  possible,  would  be  of  greater  value.  The  overall  effect  of  this 
factor  would  be  to  cause  the  operational  peaks  to  be  lower  than  the  corre- 
sponding design  peak  values. 

The  other  general  limiting  factor  relates  to  the  tactical  procedures  em- 
ployed in  the  theater  of  operation  associated  with  the  data  sample,  This 
factor  could  cause  the  operational  peaks  to  be  either  higher  or  lower  than 
design  limits  as  the  following  examples  show. 


High-speed  dives  were  employed  only  sparingly  by  the  attack  helicopter. 
Table  IV  shows  the  attack  helicopter  operational  peak  airspeed  to  he  con- 
siderably less  than  the  maximum  design  value.  Conversely,  the  crane 
helicopters  involved  in  the  operational  data  sample  flew  a significant  num- 
ber of  missions  at  gross  weights  greater  than  the  design  maximum  (refer 
to  Table  IV). 
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'iAi-I.K  V.  I.[MITI\(;  I’  A(  TOR  S UliUTI  IM'I.IKXC  K 
4 1 IK  MACNI!  IT)K  OF  PKAK  VAl.rKS; 
LOAD  PAR  A MF 'I  FR:  AIRSPKKI) 


OBSF  RVATION  (Reformer  2 i) 

1.  1 J i Lot  visual  clues  (r.  g.  , high  rale  of  descent) 

2.  Retreating  blade  tip  stall/ rotor  system  design 

• Noise 

• Some  pitch-up 

• Vibration 

3.  St  ructural/c  anopy  design  (at  low  density  altitudes) 


Ad  TAP  K (Reference  21) 

1,  Pilot  visual  clues  (e.  g.  , sti-ep  dive  angle,  c losure  speed) 

2.  Reaction  time  for  recovery  from  engine  failure 
i.  Vibration 

4.  Recovery  constraints 


c:  RANK  (Referenc  e 20) 

1.  .Pilot  visual  dues  (e.  g.  , severe  nose-down  attitudes) 


TRAPS  PORT  (Reference  2 2) 
1 . Cockpit  vib ration 


Operational  peak  airspeeds  for  the  crane-  and  transport  helicopters  ex- 
ceeded the  design  maximum  values,  whereas  the  airspeeds  attained  by 
the  observation  and  attack  helicopters  were  Less  than  the  model  specifica- 
tion limits.  This  can  be  attributed  to  the  stronger  influence  imposed  on 
airspeed  by  the  limiting'  factors  for  the  observation  and  attack  types  as 
shown  on  Table  V,  and  the  operational  environment  and  tactics  used  in  the 
combat  situation. 

1 he  vertical  acceleration  (load  factor)  data  presented  in  Table  IV  shows 
that  all  four  helicopter  types  operated  within  the  design  load  factor  enve- 
lopes. The  limiting  factors  for  vertical  acceleration  apparently  exert  a 
very  strong  effect. 
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OBSilKV  A no  X (Ref.-r.-nce  2:1) 

Mini  rim  hi  Load  f ac 1 o r 
1 . Pi  lot  phys  ii  a 1 c lues 

Maxinnini  l.oad  Factor 

1 . Pilot  phvs  ica  1 c lues 

2.  R ct  rcat  in  it  binde  tip  .-tail 

• N’ois*- 

• Sonu'  pit  i'h ->ip 

• \’  ib rat  ion 

2,  Hank  ainjle  in  mi  rns 

A ’1  TACK  ( H i ■ 1 1 • r i ■ ni'  i ■ 2 1 1 

Minimum  i oad  i-’ai  tor 
I . Pi  lot  phv  s ii  a 1 i lues 

Maximum  Load  l''aitor 

1.  Control  feedback  forces 

2.  Rotor  system  design 


The  engine  power  data  are  inconclusive  for  two  reasons.  The  design  and 
operational  reports  (iieferenres  20  and  22)  for  c rane  and  transport  heli- 
copters do  not  address  engine  power,  and  the  fliylil  loacis  invest  iuat  ion  data 
for  the  observation  and  attack  helicopters  do  not  present  absolute1  max- 
mums.  I lu.s  latter  problem  of  presenting  operational  data  in  ranges  in- 
stead of  peak  values  has  been  criticized  in  earlier  efforts  anc!  will  not  be 
pursued  further  in  this  report. 

Rotor  rpm  was  generally  controlled  within  the-  design  limits  durini;  oper- 
ation.  Some  question  was  raised  by  t lie-  author  of  Reference  H)  reeardine 
the  validity  of  the  crane  operational  rotor  speed  data.  Refer  to  Reference 
20  for  a detailed  discussion  of  rotor  speed  comparions. 


. 


CRAKE  (Reference  20) 

1.  High  cockpit  vibration 


The  limiting  iactors  which  influenced  gross  weight  were  not  sufficiently 
effective  to  discourage  operation  at  gross  weights  greater  than  the  design 
maximum  for  all  helicopter  types.  The  consensus  Irom  the  reference 
material  is  that  the  pilots  tended  to  take  off  at  whatever  gross  weight 
could  be  lifted. 

This  effort  was  hindered  by  the  lack  of  data  shown  in  the  design  and  oper- 
ational studies  for  the  four  helicopter  types  (References  20  through  21). 
Tables  IV  through  IX  reflect  this  situation.  At  the  time  that  the  proposal 
was  generated  for  this  study,  this  contractor  had  only  his  design  and  oper- 
ational study  (Reference  2 3)  in  hand  and  assumed  that  the  content  of  the 
other  three  studies  would  be  similar.  A review  of  those  documents  showed 
that  this  was  not  the  case. 

COMPARATIVE  REALISM  EVALUATION  OF  DEVELOPED  PROFILES 

The  realism  of  the  six  mission  profiles  developed  in  Task  II  can  he  evalu- 
ated by  comparing  them  to  the  profiles  presented  in  References  1 through 
3.  The  profiles  presented  in  References  1 through  3 were  not  compatible 
with  the  developed  profiles  of  Task  II,  in  that  the  basic  conditions  and  mis- 
sion segments  varied.  Therefore,  to  allow  direct  comparison  of  percentage 
of  occurrence  values,  the  basic  conditions  of  CAM-6,  AR-56,  and  AMCP 
706-203  were  broken  down  into  conditions  compatible  with  the  developed 
profiles,  and  the  percentage  of  occurrence  values  were  redistributed.  Only 
four  of  the  profiles  from  AR-5b  (Reference  1)  were  directly  applicable: 
the  utility,  attack,  crane,  and  transport  helicopter  types.  Therefore,  the 
developed  profiles  for  these  four  types  of  helicopters  are  compared  to 
those  from  AR-56  in  addition  to  the  general  profiles  of  CAM-6  and  AMCP 
706-203.  These  profiles  are  presented  in  Table  X.  A comparative  discus- 
sion of  each  mission  segment  is  presented  in  the  following  paragraphs. 


Ground  Operations.  The  percentage  values  assigned  to  ground 
operations  in  the  developed  profiles  are  greater  than  the  values 
from  References  1 and  2.  The  reference  profiles  considered 
ground  conditions  very  generally,  and  it  was  difficult  to  establish 
precisely  what  was  classified  as  a ground  condition.  When  the 
percentage  values  assigned  to  ground  conditions  as  shown  in  the 
referenced  profiles  were  distributed  among  the  conditions  of  the 
developed  profile,  they  seemed  to  be  too  low,  especially  if  con- 
verted to  units  of  flight  time.  The  values  of  Reference  3 seem 
slightly  high.  Hence  the  values  assigned  to  ground  operations  for 
the  developed  profiles  were  felt  to  be  the  most  realistic.. 


Takccff,  Landing,  and  I .ov- -Spee<  i !•'  1 i u h t . The  developed  prolile:- 
for  tlu'  four  hdioptir  types  in  Table  X snow  mission  scnmcnt  values 
which  compare  r ua  sors.tl  >1\  well  with  the  \.  lines  of  Rdfcrcncrs  1 
and  I.  However,  the  values  from  Ai<-st  {Reference  I)  are  con- 
siderably higher  Loan  those  of  the  developed  profiles,  especially 
for  the  ciility  and  attack  t\ ne  helicopters.  At  t i ■ * basic  condition 
level,  tlm  greatest  dtlferences  appear  in  an-  values  assigned  to 
steady  hover.  Real  i/.ir.a  that  tlie  helm  op1  r 1 s ability  to  hover  is 
a unique  feature  over  other  types  of  air  v -hides,  the  developed 
profiles  indicate  that  not  as  much  time  is  -pent  in  a steady  hover 
as  indicated  i/\  previous  profiles.  In  mo  t helicopter  operations, 
steady  hover  is  a mnmentar\  flight  condition  on  urring  prior  to 
the  transition  from  takeoff  to  forward  flieut.  kite  exceptions  are 
helicopters  involved  in  load-lifting  oper aliens  (crane)  and  sta- 
tionary weapons  delivery  (attack). 


Ascent  Conditions. 


reflected  tn  the  percentage  of  occurrence 


values,  more  time  was  allotted  to  ascent  conditions  for  the  de- 
veloped profiles  than  in  the  reference  profiles.  biased  on  the 
operational  reports,  it  was  determined  that  more  time  was  spent 
in  ascent  conditions  than  indicated  by  initial  design  profiles. 

When  the  percentage  '.-.allies  are  converted  to  flight  time  values 
for  a given  flight  period,  the  values  for  the  developed  profiles 
are  more  realistic  than  the  referenced  profile  values. 


Forward  Flight  Conditions.  I'he  percentage  of  occurrence  values 
assigned  to  forward  flight  conditions  compare  reasonably  well  for 
all  of  the  developed  profiles  and  the  reference  design  profiles. 
However,  the  developed  profile  values  indicate  slightly  less  time 
spent  in  the  forward  flight  mission  segment  tiian  indicated  by  the 
profiles,  I he  greatest  differences  occur  in  the  steady  level 
flight  and  forward  flight  turns  basic  conditions.  The  developed 
profiles  show  less  time  spent  in  steady  level  flight  and  more 
time  spent  in  turns.  After  analysis  of  the  data  in  the  operational 
reports,  tlu*  percentage  values  for  the  developed  profiles  are 
considered  to  be  mon*  realistic. 
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Descent  Conditions.  The  percentage  of  occurrence  values  as- 
signed to  the  descent  mission  segment  are  comparable  between 
the  referenced  profiles  and  the  developed  profiles,  with  tlie  de- 
veloped profile  values  being  only  slightly  greater.  The  largest 
difference  occurs  for  the  attack  helicopter,  where  more  time  is 
assigned  to  descending  turns  and  pullups  than  in  the  referenced 
profiles.  The  larger  values  would  appear  to  lie  more  realistic 


considering  the  attack  helicopter  mission,  which  involves  greater 
than  normal  amounts  of  time  spent  maneuvering  in  most  mission 
segments.  Hher  differences  between  design  and  developed  pro- 
file values  . re  related  to  the  missions  for  the  helicopter  types. 

For  exampl",  the  percentage  of  occurrence  value  assigned  to  the 
crane  helio  pter  for  the  dive  basic  condition  is  considerably  less 
than  the  cal  e taken  from  AR-^6  (Reference  l).  Realistically, 
the  crane  w >uld  encounter  a power  dive  very  rarely,  and  the  time 
spent  in  thF  condition  should  reflect  a very  small  percentage  of 
the  total  flight  time. 

f>.  Autorotation.  With  the  exception  of  Reference  Z,  the  percentage 
of  occurrence  values  for  the  autorotation  mission  segment  for 
all  of  the  profiles  compare  quite  closely.  The  developed  mission 
profiles  for  the  utility,  crane,  and  transport  helicopters  show 
slightly  ore  time  spent  in  the  autorotation  segment  than  indi- 
cated by  References  1 and  5.  The  developed  profiles  indicate  a 
greater  percentage  of  occurrence  of  the  steady  descent  basic 
condition  than  the  referenced  profiles.  Routine  pilot  training 
procedures  involve  a certain  amount  of  time  in  autorotation  con- 
ditions. The  values  indicated  by  the  referenced  design  profiles 
appear  to  he  somewhat  unconservative,  and  more  time  was  as- 
signed to  autorotation  conditions  in  the  developed  profiles  to 
make  the  percentage  of  occurrence  values  appear  more  realistic. 

EVALUATION  OF  REALISM  OF  LOAD  FACTOR  DISTRIBUTIONS 

Several  of  the  operational  flight  loads  studies  briefly  discuss  the  import- 
ance of  establishing  general  usage  mission  profiles  for  different  helicop- 
ter types.  The  flight  conditions  encountered  by  a particular  type  of  vehicle 
can  be  a direct  result  of  the  type  of  mission,  i.  e.  , combat  versus  non- 
combat and  load  lifting  versus  utility.  As  determined  from  some  of  the 
operational  flight  loads  studies,  the  m ssion  profiles  for  certain  helicop- 
ter types  were  not  typical  of  what  could  be  called  intended  usage  profiles. 

In  the  absence  of  a clear  definition  of  an  intended  usage  mission  profile 
for  each  helicopter  type,  some  basic  assumptions  were  made  regarding 
whether  or  not  certain  flight  conditions  would  normally  be  encountered 
during  an  intended  usage  mission  profile.  These  assumptions  will  be- 
come apparent  in  the  following  discussion  of  the  realism  of  the  load  factor 
distributions  for  helicopter  type. 

Observation 


In  the  case  of  the  observation  helicopters,  the  distributions  are  based 
primarily  on  data  obtained  from  studies  conducted  in  a combat  environment. 
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stuck  vehicle.-,  wen'  equipped  v.  ith  armament  and,  -is  a result,  prob- 
ably e pem : m e red  1 1 i t:  ’ i ! e 1 1 pc  i i!  n m .-  iiuil  ei.c.ld  ne  iabcied  ”un:irr\  mamMiviTs, 

('-•  md i- ms  ! hat  miyhi  be  inoiv  typical  of  an  afl.u'k  or  ut  ilit  v /i  act  ical  assaull 
typ«  of  helicupte  r :n,:v  have  been  per  formed.  This  is  evidenced  by  the  hiyher 
nercepiaye  of  mission  time  spent  ■ n tin  imiMpyrr  seymenl  as  opposed  to 
the  other  segments  presented  m Re  I e re  m i !“.  However,  evasive  maneu- 
vers  to  avoid  y round  tire  whi’e  M-rrini'  ;n  a purelc,  observation  i apaeity 
won  hi  be  eons  idered  a part  at  an  intended  its, ope  mission  profile. 


An  observation  helicopter  performing  attack  or  support  mission  functions 
would  most  tikelv  encounter  those  iTiyht  i mditions  which  have  <i  signifi- 
cant eflect  on  load  factor  and  airspeed  distributions.  Also,  yross  weight 
distributions  would  be  affected  iiectiuse  of  increased  loading  due  to  .arma- 
ment and,  in  some  cases,  additional  personnel  to  operate  the  .armament. 
For  these  reasons,  the  opei.ition.il  load  f.idor  data  for  the  observation 
helicopter  seemed  to  indicate  a no. re  severe  load  factor  environment  than 
miyhi  normally  be  encountered  for  an  observation  helicopter.  However, 
in  a eoirspnt  situation,  this  severe  load  factor  environment  could  be  con- 
sidered to  :»■  realistb  since  ehise-m  obse r v.»t  io n and  rap.d  m.i neuveriny 
to  avoid  y r>  n r.d  fire  cop  hi  prod  a e • .-a -.ere  I .a  i fai  tor  d . st  r 1 but  ion. 


Utilit\ 


Fnf  the  utility  helicopter,  the  percentage  distribution  of  loarl  factor  peaks 
with  airspeed  is  relatively  constant  across  the  airspeed  spectrum.  This 
would  be  the  expected  trend  for  a utility  helicopter  because  of  the  type  of 
mission  normally  flown:  resupply,  caryo,  and  personnel  transport.  The 
subject  vehicles  of  Reference  IS  that  were'  elassified  as  utility  helicopters 
fell  into  both  assault  and  nonassault  roles.  As  a consequence,  tin'  load 
factor  distributions  were  influenced  in  flight  conditions  encountered  duriny 
the  assault  role  that  rniyht  not  h.r.  r occurred  duriny  a purely  utility  mission. 

I'lie  lo, id  facto  r-yross  weiyht  d,i  st  ribut  ion  show*'  that  the  mid  and  hiyh 
yross  weiyht  runyes  contain  the  yreatest  : ,e  r cen  La  y e s ot  load  factor  peaks. 
This  miyht  be  considered  a realistic  trend  considering  that  the  utility  heli- 
copter is  intended  to  function  in  a load-ca  r r\ iny  capacity. 

The  load  factor  peaks  encountered  at  a particular  density  altitude  would  be 
a function  ot  the  operational  environment.  Disregarding  the  density  altitude 
requirements  for  this  type  of  helicopter,  the  \ehicle  would  normally  be  ex- 
pected to  operate  at:  altitudes  above  yround  level  of  0 to  5000  feet.  The 
load  tac  tor-altitude  distribution  indic  ates  that  the  yreatest  number  of  load 
fa i tor  peaks  occurred  in  the  m id -alt.it ude  ranye  (2000  to  5000  feet). 
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Die  flight  1m, id  - stuuie  s yy  hie::  i 1,  , • 1 i c n;  ••  e r t ; . it  could  1 . i i > t • ! • ■ ■ : i; 

util  ily  'tact  ieal  a s -aul  t > e h i c 1 e v.viv  conduct,  , i in  a sin  ulated  i j , s t 

ciivinmm  cut  (K  clCn'mv  II'.  F i i • ■ mission  . included  , i ; r assault  rxi’ivii-cs 

,is  well  ,i!-  rmitinc  training  and  f i i * 1 » i : nancu  r s , I in  results  of  these 
studies  indicated  th.it  the  di  .-.I  ribut  i,.'n  ot  In. id  factor  v.ut  Is  n i r spn'd  rc- 
niaincd  relatively  constant  t h r > >ut_’  in  nit  tin*  .iirsppi'il  sncclrnni,  This  would 
seem  i onscM'vatiw  for  ,i  vehic  le  ip.  .in  actual  coniiial  mission  involving 
personnel  transport  and  ground  fire  support  of  ground  personnel.  During 
these  missions  it  would  be  expected  that  th.e  vehicle  would  spend  more 
time  in  I oacl-fa  e t n r-n  r<  >cltu  i n a conditions  than  the  pure  utility  or  observa- 
tion lied  i eoptc'  r . 

The  greatest  percentage  of  lu.oi  factor  pe,,k  - occur  ,n  the  mid  and  high 
gross  weight  range's.  1'his  would  ne  an  expected  trend  for  a utility  tac  tical 
assault  helicopter  that  spent  most  of  the  time  in  assault  troop  transport  or 
tactical  lire'  support  missi  >ns.  !•  ron  an  opera!!  uial  standpoint,  mi. --ion 
weight  is  important  in  determining  ‘.chicle  efficiency.  Partially  loaded  or 
unloaded  vehicle.-  are  not  a efficient  m an  operational  sense  as  f u 1 1 \ 

1 oaclc-d  vchic  1 e 

Tin'  load  factor-al  itudc‘  distribution  indicates  that  the  utility ' tactical  as- 
sault helicopter  encounters  increasingly  greater  percentages  of  load  fac  - 
tor peaks  .is  the  altitude  increases.  Above  the  ^000-foot  level,  the  per- 
centage of  peak  values  drops  off  considerably.  Again,  this  would  be  the 
expected  trend  for  a vehicle  that,  :>v  mission  requirement,  might  spend 
most  of  the  time  in  low-altitude  tactical  support  mission.-. 

Attac  k 


Hie  attack  helicopter  role  dictate.-  c<  rtain  design  ri-ma  reiMuits  m order 
to  fulfill  the'  intended  mission.  : >ne  of  !!:•■  <st  s i g u i fica  nt  ot  t’le.-e  i .- 
high  m a neu  v o r.,  id  i i t v . i ho  load  tut  >r  c!i  s!  rihut  mn  - to-  the  attack  helicon- 
ter  are  significantly  greater  in  Moth  range  and  magnitude  than  those  for 
the'  other  types.  The  higher  load  factor  peaks  uuur  at  the  higher  airspeeds. 
These  would  be  expected  trends  for  a",  attack  h-  a outer  inyolved  in  search, 
and  destroy  or  ground  assault  mission  profiles.  i'ho-o  missions  normally 
could  include*  large  segments  of  flight  time  spent  in  weapons  delivery 
maneuvers  indicative  of  a hostile  combat  environment  and  yvhich  would 
involve  more-  than,  normal  amounts  of  time  in  maneuvering  flight  condi- 
tions. For  these  reasons,  the  loud  factor  d ; .-t  r ibuti  on  for  an  attack  heli- 
copter would  be  expanded  in  magnitude  >y  e r those  ot  ui.er  types  ot 
lie  I i copte  r s . 
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Mission  efficiency  lor  this  type  of  helicopter  directly  relates  to  the  weap- 
ons carrier!  and,  therefore,  might  he  expected  to  ■ •porate  at  the  higher 
pross  weights  during  most  of  its  flight  lime.  This  is  indicated  by  the  oper- 
ational report  of  Reference  16,  which  shows  greati  r amounts  of  time  spent 
at  mid  to  high  gross  weights.  Because  u<  this,  the  load  Uu  tor-gross 
weight  distribution  shows  a greater  percmiiage  of  ,oad  fa  dor  peaks  occur- 
ring at  the  higher  gross  weights. 

The  load  factor -altitude  distribution  shows  fhat  tin  highest  percentage  of 
load  factor  peaks  occurred  in  the  2000-  to  uH)0-loul  altitude  range.  These 
values  are  strongly  influenced  be  the  type  of  mission  f ir  which  an  attack 
helicopter  is  designed.  The  intended  mission  would  invoice  search  at  alti- 
tude for  enemv  positions  and  attack  at  a lower  alt  it  ide  to  destroy  those 
positions.  Maneuvers  encountered  during  the  attack  phase  of  the  mission 
would  possibly  account  for  the  majority  of  the  load  factor  peaks  during  a 
given  mission. 

Crane 

As  mentioned  previously  in  Task  II,  the  load  factor-airspeed  distribution 
for  the  crane  helicopter  encompasses  a narrow  range  of  load  factor  peaks. 
This  ’ a direct  result  ot  the  <.  ratio's  intended  mission,  specifically,  cargo 
transport,  hoist  operations,  and  oversized  external  sling  loads.  In  an 
external  load  configuration,  a crane  helicopter  would  normally  avoid  high- 
load- factor  - producing  flight  conditions.  Also,  high  maneuverability  is  not 
a prime  design  criterion  for  a crane  helicopter.  The  fact  that  the  percent- 
ages of  low  load  factor  peaks  are  signifi.ant.ly  higher  than  those  for  other 
helicopter  types  points  out  that  crane  helicopters  avoid  high- load  - factor- 
producing  flight  conditions. 

The  load  factor -gross  weight  distribution  for  the  crane  helicopter  indicates 
that  the  lowest  percentage  of  load  factor  peaks  occur  in  the  mid  gross 
weight  range.  This  would  be  the  expected  trend  for  a helicopter  that  was 
designed  to  carry  heavy  external  loads  but  which,  in  an  unloaded  configura- 
tion, has  a gross  weight  significantly  less  than  die  maximum  design  gross 
weight.  The  greatest  percentages  of  load  factor  peaks  woidd  occur  at 
either  low  or  high  gross  weights. 


In  a load  transporting  configuration,  a crane  helicopter  would  not  normally 
be  expected  to  fly  at  high  altitudes.  Also,  if  the  vehicle  was  performing 
the  intended  mission,  this  type  would  spend  a large  portion  of  the  total  time 
at  an  intermediate  altitude  in  transit  from  one  point  to  another.  This  can 
be  seen  in  the  load  factor -altitude  distribution,  where  the  greatest  percent- 
age of  load  factor  peaks  occur  in  the  2000-  to  SOOO-foot  altitude  range. 


S?. 


Transport 


The  intended  mission  profile  for  a transport  helicopter  normally  would  in- 
clude the  transport  <•.  personnel  and/or  equipment  from  one  location  to 
another.  In  this  resnect,  the  mission  is  very  much  the  same  as  that  lor 
the  crane  helicopter.  This  is  also  indicated  by  the  load  factor-airspeed 
distribution  tor  the  transport,  which,  like  the  crane,  has  relatively  narrow 
hands  of  load  factor  peaks  (AN^/iNp)  and  a relatively  even  percentage 
distribution  of  peaks  across  the  airspeed  spectrum. 

The  load  factor-gross  weight  distribution  for  the  transport  helicopter  in- 
dicates that  the  greatest  percentage  of  load  factor  peaks  occur  in  the  low 
gross  weight  range.  Although  there  is  no  indication  of  why  this  is  the  case 
in  the  referenced  material,  this  might  be  due  to  the  avoidance  of  high-load- 
factor  - producing  flight  conditions  while  at  the  heavier  gross  weight 
configurations. 

As  for  the  crane,  the  transport  helicopter  incurs  the  greatest  percentage 
of  load  factor  peaks  in  the  mid -altitude  range  of  2000  to  5000  feet.  Be- 
cause of  the  similarity  in  the  missions  between  the  crane  and  transport, 
the  same  trends  in  the  load  factor  distributions  would  be  expected. 
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The  objective  of  Ibis  task  is  to  i i ! i • n t i fv  file  mission  profile  segments  and 
basic  conditions  which  have  high  structural  loads,  high  fatigue  damage, 
and/ur  li i u.h  vibration.  Structural  loads  and  fntieue  damage  arc  associ- 
ated with  specific  components,  while  vibration  is  not  related  to  a specific 
component  hut  is  a general  indicator  of  hie. h loads.  Therefore,  these 
subjects  are  discussed  separately  heiuw. 

1 1L(  ill  STRUCTURAL.  LOADS  AND  FA  TIG  U F HAM  AC,  If 

The  distinction  between  high  structural  loaris  and  h i o h fatigue  damage  is 
very  important  in  this  studs.  Variation  in  the  percentage  of  occurrence 
for  basic  conditions  which  produce  high  loads  nr  high  fatigue  damage  can 
cause  large  chances  in  the  fatigue  life  of  a component.  This  is  especially 
true  of  conditions  which  produce  high  loads.  There  are  many  conditions 
which  produce  high  loads  but,  because  the\  occur  so  rarely,  do  not 
cause  high  latigue  damage.  Small  increases  in  the  percentage  of  occur- 
rence of  these  conditions  can  significantly  affect  the  life  of  that  component. 
Conditions  in  these  categories  have  been  identified  In  analyzing  the  load 
and  fatigue  data  supplied  in  the  hesiqn  and  op«’rational  reports  (References 
20  throuqh  2 1).  I'hc  scope  of  this  effort  is  limi  -d  by  the  number  of  com- 
ponents for  which  data  were  given.  Each  basic  c<  btion  generally  affects 
one  group  of  components  more  severely  than  others;  consecpient  lv , basic- 
conditions  which  affect  components  not  surveyed  cannot  be  identified. 
Tables  XI  throuqh  XIY  identify  c ritical  conditions  for  the'  components 
available.  Conditions  are  iden.ified  it  any  of  the  pa  raniel  e r s (q  ros  s 
weight.  load  factor,  airspeed,  etc.)  product-  any  of  the  critical  conditions 
marked.  Table'  XI  is  Oll-nA  data  (Reference  21)  representing  an  observa- 
tion helicopter.  Table  XI]  presents  A.II-iCi  data  (Reference  21)  for  the 
attack  helicopter.  The  crane  helicopter  is  represented  by  Cl  1- r-4A  dat  a 
(Reference  2 it)  given  in  I able  XlJa.  CiI-J-7A  oata  (Reference  22)  is  given 
in  Table  XJY,  representing  a transport  helicopter.  Because  References 
24  through  it)  were  not  available,  the  utili'y  and  ut  i 1 it  y /t  act  ica  1 assault 
helicopters  are  discussed  separately.  for  purposes  of  this  analysis,  a 
condition  which  produced  a load  at  least  SO  percent  greater  than  the 
endurance  limit  or  contributed  more  than  2 percent  oi  liu-  total  fatigue 
damage  of  a component  was  identified  as  having  high  load  or  high  fatigue 
damage  respectively.  Jn  addition  the  tables  include  a column  entitled 
"Causal  Factor";  the  numbers  in  this  column  refer  to  Table  XV  and  arc- 
discussed  later  in  this  task. 
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HIGH  VIBRATION 


Since  high  vibration  is  not  necessarily  associated  with  the  loads  in  any 
particular  component,  the  occurrence  of  high  vibration  is  shown  independ- 
ent of  the  components  in  Tables  XI  through  XIV.  For  the  same  reason  the 
four  manufacturers  who  produced  References  20  through  23  did  not  asso- 
ciate vibration  with  loads.  Consequently,  data  on  ibration  were  brief  or 
nonexistent.  Data  which  could  be  related  to  speciFc  basic  conditions  are 
shown  in  lables  XI  through  XIV'.  I hose  data  have  been  supplemented  by 
surveying  the  Hughes  engineering  test  staff  relative  to  their  experience 
with  vibration  in  articulated  and  tandem  rotor  helicopters  of  many  dif- 
ferent models. 

CAUSAL  FACTORS 

High  structural  loads,  fatigue  damage,  and  vibration  are  commonly  asso- 
ciated with  the  same  causal  factors.  The  cause  of  fatigue  damage  differs 
somewhat  from  the  other  two  in  that  it  usually  occurs  due  to  a combina- 
tion of  moderate  to  high  loads  and  high  percentage  of  occurrence.  Condi- 
tions which  are  identified  at  producing  high  fatigue  damage  and  have  loads 
only  slightly  above  the  endurance  limit  are  a result  of  a high  percentage  of 
occurrence  associated  with  that  condition.  Consequently,  the  causal  factors 
for  fatigue  damage  conditions  are  not  as  severe  as  those  associated  with 
high  loads  and  vibration.  Table  XV  lists  the  causal  factors  for  each  con- 
dition identified  in  Tables  XI  through  XIV.  Each  causal  factor  is  num- 
bered corresponding  to  the  numbers  in  the  causal  factor  column  in  the 
table  s. 


TABLE  XV.  HIGH  LOADS  AND/OR  HIGH  VIBRATION 
CAUSAL  FACTORS 

1. 

High  cyclic  blade  angle 

2. 

Advancing  blade  tip  compressibility  effects 

3. 

Retreating  blade  tip  stall 

4. 

Unsteady  air  flow 

5. 

High  tail  rotor  thrust  demand 

6. 

High  main  rotor  thrust 
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CRITICAL  CONDITIONS  FOR  THE  UTILITY  AND  U TILITY  / TAC TICAL 
ASSAULT  HELICOPTER 


For  the  helicopter  t>pes  for  which  critical  conditions  have  been  discussed 
up  to  now,  flight  loans  data  were  available  in  the  manufacturers'  reports 
(References  r.n  through  23).  For  tire  utility  and  utility /tactical  assault 
helicopters,  flight  loads  data  is  contained  in  References  24  through  30. 
These  reports  have  been  unavailable,  though  efforts  were  initiated  early 
in  this  program  to  obtain  them.  In  order  to  identify  probable  critical  con- 
ditions for  these  types,  a summary  of  Tables  XI  through  XIV  was  made. 

All  basic  conditions  were  tabulated  which  had  at  least  one  critical  condi- 
tion identified  for  any  of  the  four  types  covered  in  Tables  XI  through  XIV. 
The  components  were  separated  into  two  categories:  main  ro'or  and  tail 
rotor.  This  is  shown  in  Table  XVI.  The  summary  indicates  the  conditions 
that  are  mod  likely  to  be  critical  for  the  utility  and  utility /tactical  assault 
helicopters.  Tables  XVII  and  XVIII  show  conditions  deduced  from  the  sum- 
mary that  may  be  critical  for  the  utility  and  utility /tactical  assault  heli- 
copter, respectively. 

RELATIONSHIP  OF  CRITICAL  CONDITIONS  TO  MISSION  PROFILES 


The  objective  of  the  following  discussion  is  to  ascertain  the  critical  condi- 
tions that  are  unique  to  a single  helicopter  type  and  those  that  are  univer- 
sally critical.  The  components  for  which  loads  data  were  available  are 
generally  not  comparable  to  one  another  on  an  individual  basis,  but  have 
been  separated  into  main  rotor  components  and  tail  rotor  components. 

The  critical  condition  summary,  Table  XVI,  shows  the  basic  conditions 
that  are  critical  for  each  type  for  which  data  wore  available.  In  this  table, 
a condition  was  identified  if  any  one  of  high  loads,  high  fatigue  damage, 
or  high  vibration  occurred.  The  simultaneous  occurrence  of  high  vibra- 
tion with  either  of  the  other  two  is  of  particular  importance  as  a pilot  cue 
that  structural  damage  may  occur.  The  consistency  of  this  relationship 
will  also  be  explored. 

There  are  several  conditions  that  are  uniquely  critical  to  each  type  heli- 
copter. Basic  conditions  that  are  critical  for  one  or  two  helicopter  types 
are  shown  in  Table  XIX  as  uniquely  critical  conditions.  The  reasons  for 
these  uniocely  critical  conditions  for  each  type  will  now  be  reviewed. 

In  the  case  of  the  observation  helicopter  (OH-6A)  the  critical  conditions 
are  not  related  to  the  mission  assignment.  All  the  uniquely  critical  con- 
ditions are  related  to  one  of  two  causal  factors.  These  are  the  unsteady 
airflow  associated  with  transition  and  vertical  descent,  and  retreating 
blade  tip  stall  associated  with  high  speed  and  high  rotor  thrust. 
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'I  A RLE  XVI.  CRITIC  AI.  CONDITION'  SUMMARY 


For  Helicopter 

Type 

C rilicai  Conditions 

Main  Rotor  Tail 

Rot  ;r 

2 

TAKEOFF/  LANDING/  LOW-SPUED 

FUG  hi 

A. 

Vertical  lift-off  and  acceleration 

OT 

IT 

Hover  (steady) 

C 

G. 

Hover  turns 

I. 

Sideward  flight 

oc 

J. 

Rearward  flight 

oc: 

A 

K. 

l.ow-speed  forward  flight 

o l 

].. 

Fla  r e 

OAT 

O. 

Vo  r tic;  1 descent 

O 

4. 

FORWARD  f FIGHT 

A. 

Level  flight 

T 

IT 

Turns 

OA 

A 

C. 

Control  reversals 

OCT 

D. 

Pull-ups 

OAT 

5. 

DESC 

ENT 

A. 

Partial  power  descent 

c; 

IT 

Dive 

(TACT 

A 

C. 

Turns 

OC 

K. 

Pul  1-  ups 

OACT 

A 

6. 

AUTOROT  AT  ION 

C. 

T u r n s 

O 

H. 

Flare  and  landing 

OAT 

/•*> 

II 

Obse 

rvation 

A = 

Atta  ck 

C - 

C ram- 

T 

T ranspo  rt 

t 1 iu  n Aj  M_<  i 1 . ! :_A_  JjoAS 
St  1 1- 1 1 ; : > 

Shut‘ti>  i : 
i i r t > i ; 1 1 1 i rm 
I 

i Ai  . ;.()[■  !■  i A\i)!.\< ; low  Si j t: i: !-> 

Virtual  lilt  -oil  and  accclf  rat  ion 
l<  o 1 1 i nn  t ,i  !•  ci)  I f 
S 1 i d i ■ - 1 1 1 , t , i : : 1 1 i 1 1 u 
1 ii  >\ . ■ r i s t • ',ni  v i 
: i < i \ • r i n.tnil  ivvri'“.ils 
1 1 1 1 \ i • r ' 1 1 r : i — 

1 ‘'Mi-  ups 

Sirli  v.  a rd  I'lisjht 
K .i  r<i  fliuht 
i .!)•.' -s  |>i  . i|  tor-.'.a  rd  lliulit 
liar,' 

\ ,•  rtii  al  i liml) 

\ ,'rtu  al  Iasi  i'iit 
1 a iv.  -s jn-i-il  turns 
AS(  l-.M 

St , .ui  v t 1 1 ml) 

1 u rn  s 
I 'tisliuv rs 
roiiWAHI)  I' I. Kill  1 
!.,  I I'iiuht 
I urns 

< i ml  ml  rn  V,-  r s a I s 
I 'til  I- ups 
1 'ii'havi'i^ 

I ) • a , ■ 1 1 • r a 1 1 1 1 1 : 

A,  , a 1 • • ra : io:, 

I 1 1 i a hi 

I ) i .St  i I 

I 'a  rt  ta  I ;i,i\>.  r 

I > i\  , ■ 

I tins 
I 'till- tips 

Al  l OKU  I A I IU.\ 
hut  rii-s 

St  ratlv  'If  St  fill 
I urns 

I 'n ir  r ft  i>\  • r v 
I-  lari-  ami  la  mil  tu: 


I ABLE  XVIII.  CHI!  It ' A I . CONDITIONS  - 


1. 1 I V/  i Ai  I IC  A 1.  ASS  A I I.  I ( i 'I  I-  1 I i 


High 

< at! sal 

( ond  it  ion 

V ib  ra  t ion 

Main  I'cior 

1 a i 1 Kotor 

r a t tor 

OROFND  OMERAT  IONS 

Sta  rtup 
Shut  flow  n 
Cfounrl  run 
Taxi 

X 

X 

TAK  KOFI-7  I.ANDINf  1/  LOW  SPKKD 
Vertical  lift-off  and  ac r e lu ration 

X 

-t 

Rolling  takeoff 
Slide-on  landing 
Mover  (steady) 

Mover  control  reversals 

Mover  turns 

Mop- ups 

Siti ewa  rfl  flight 

X 

X 

4 

Rea  rwa  rd  flight 

X 

X 

X 

4. 

Mow -speed  fo rwa  rfl  flight 

X 

4 

Fla  re 

Vertical  climb 
Vertical  de  st  ent 
Low-speed  turns 

X 

X 

4 

ASCENT 

Steady  climb 
Tu  rns 
Pushove rs 

FORWARD  FLIC, MI 
Level  flight 

X 

Turn  s 

Control  reversals 

X 

X 

X 

i.  - 
1 

Mull-  ups 
Mushove rs 
Deer  le  ration 
Acceleration 
Yawed  flight 

X 

X 

X 

3 

DESCENT 

Martial  power 

Dive 

Turns 

X 

X 

X 

2 

1 

Mull  - ups 

X 

X 

X 

3 

AUTOROTATION 

Entries 

Steady  descent 
Turns 

Mower  recovery 
Flare  and  landing 

X 

4 

TABLE  XIX.  UNIQUELY/UNIVERSALLY  CRITICAL  CONDITIONS 
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Conditions  critical  for  the  attack  helicopter  (AH-IG)  are  rearward  flight 
and  turns  in  level  flight.  The  rearward  flight  condition  is  not  unique  in 
that  both  the  observation  and  the  crane  helicopters  have  a critical  condi- 
tion occurring  during  rearward  flight;  however,  the  attack  helicopter  was 
the  only  type  for  which  the  tail  rotor  was  involved.  The  fact  that  this  con- 
dition is  critical  is  not  surprising;  however,  the  lack  of  the  presence  of 
high  loads  in  the  tail  rotors  of  the  other  types  is  odd.  The  tail  rotor  of 
any  helicopter  in  rearward  flight  must  overcome  negative  static  direc- 
tional stability  in  addition  to  supplying  high  thrust  to  compensate  for  the 
high  main  rotor  torque  at  very  low  airspeeds.  It  is  probable  that  the  tail 
rotors  of  the  other  types  were  designed  to  higher  endurance  limits  to  sat- 
isfy requirements  of  other  conditions  or  ballistic  invulnerability.  The 
fact  that  forward  flight  turns  arc  critical  is  directly  related  to  the  attack 
mission  because  of  the  high  occurrence  of  the  turn  condition  and  the  con- 
centration of  that  time  at  higher  load  factors. 

The  crane  helicopter  (CII-54A)  has  three  uniquely  critical  conditions,  one 
of  which  is  hover.  Table  XIII  shows  that  hover  is  identified  as  not  having 
high  loads  in  any  components  but  that  high  fatigue  damage  occurs  in  several 
components.  This  indicates  that  hover  is  uniquely  critical  to  the  crane 
helicopter  because  of  the  high  percentage  of  hover  time.  It  should  be  noted 
that  the  crane  helicopter  is  the  only  type  for  which  Causal  Factor  6 is 
applicable  due  to  very  high  gross  weight  operation.  The  design  and  oper- 
ational report.  (Reference  20)  indicates  that  high  gross  weight  is  a com- 
pounding factor  causing  high  fatigue  damage  in  sideward  flight.  There  is 
also  a high  occurrence  of  these  conditions  because  hovering  in  crosswinds 
and  tailwinds  is  frequently  necessary  for  the  crane  helicopter. 

The  transport  helicopter  is  uniquely  critical  for  both  vertical  takeoff  and 
acceleration,  and  for  low-speed  forward  flight.  Both  of  these  conditions 
produce  high  fatigue  damage.  High  loads  are  likely  to  occur  during  these 
conditions  as  well,  because  the  percentage  of  occurrence  for  the  vertical 
lift-off  and  acceleration  condition  is  not  very  large.  However,  this  cannot 
be  verified  because  flight  loads  data  were  not  included  in  the  design  and 
operational  report  (Reference  22).  The  level  flight  condition  is  also  iden- 
tified as  uniquely  critical  to  the  transport.  This  is  due  to  high  vibration 
levels  at  high  airspeed,  probably  due  to  advancing  blade  tip  compressi- 
bility effects.  There  is  no  relationship  between  the  uniquely  critical  con- 
ditions and  the  transport  mission. 

Table  XIX  also  lists  the  conditions  that  are  critical  for  three  or  more  heli- 
copter types  as  universally  critical  conditions.  These  consist  of  six  basic 
conditions,  containing  four  distinct  maneuvers.  Each  maneuver  corre- 
sponds to  one  of  the  first  four  causal  factors  listed  in  Table  XV.  These 
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four  factors  have  been  primary  considerations  in  the  design  of  virtually 
every  rotorcraft. 


CORRELATION  OF  HIGH  VIBRATION  WITH  HIGH  LOADS  OR  HIGH 
FATIGUE  DAMAGE 


Tables  XI  through  XIV,  XVII,  and  XVIII  were  examined  to  determine  the 
consistency  of  high  vibration  occurring  simultaneously  with  high  load  or 
high  fatigue  damage.  None  of  the  helicopter  types  showed  a consistent 
correlation.  Out  of  77  conditions  which  had  either  high  vibration,  fatigue 
damage,  or  high  Loads,  only  28  had  a simultaneous  occurrence  of  high 
vibration  with  either  of  the  other  events.  There  were  22  conditions  for 
which  high  vibration  occurred  without  high  loads  or  high  fatigue  damage. 
The  remaining  27  conditions  were  occurrences  of  high  loads  or  high 
fatigue  damage  without  high  vibrations.  These  data  indicate  that  while 
high  vibration  can  have  serious  implications  in  its  own  right,  high  vibra- 
tion may  not  be  used  to  indicate  the  occurrence  or  nonoccurrence  of  high 
loads  or  high  fatigue  damage  rates.  Further  study  is  recommended  in 
this  area  because,  while  there  were  many  instances  of  high  vibration 
occurring  without  high  loads  or  fatigue  damage  in  the  components  shown, 
there  may  have  been  damage  in  components  for  which  data  are  not 
available. 
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CONCLUSIONS 


In  Task  I,  38  reports  applicable  to  the  dynamic  loads  and  structural  criteria 
study  were  identified,  indicating  active  interest  for  over  two  decades  in  the 
effects  of  actual  operational  usage  on  helicopter  fatigue  life.  These  reports 
contain  operational  data.  Government  specifications,  design  criteria,  and 
flight  loads  data.  Seven  of  vhe  reports  could  not  lv  obtained  over  the  short 
span  of  this  contract,  which  limited  the  scope  and  accuracy  of  data  pre- 
sented for  the  utility  and  utility/tactical  assault  helicopters. 

A standard  format  for  mission  profile  presentation  was  developed  in  Task 
II  in  order  to  define  uniform  design  requirements  lor  various  helicopter 
types.  This  format  includes  six  distinct  mission  segments  and  a standard 
list  of  basic  conditions  coordinated  with  other  major  helicopter  manufac- 
turers. This  format  was  used  to  present  complete  mission  profiles  rep- 
resentative of  the  intended  usage  for  six  helicopter  types;  i.  e.  , observation, 
utility,  utility /tactical  assault,  attack,  crane,  and  transport.  These  pro- 
files and  the  accompanying  graphs  showing  load  factor  distribution  with 
airspeed,  altitude,  and  gross  weight  have  been  developed  in  terms  of  non- 
dimensional  design  parameters  for  application  to  future  helicopters  with 
improved  maneuver  capabilities. 

The  developed  profiles  were  evaluated  for  authenticity  in  Task  III.  The 
profiles  were  compared  to  the  operational  data  and  found  to  be  in  generally 
good  agreement  in  view  of  the  differences  between  the  operational  flight 
load  parameters  and  the  design  criteria.  The  profiles  were  further  eval- 
uated by  comparison  to  military  specifications.  Differences  were  found 
to  be  related  to  practical  considerations  and  to  the  differences  between 
operational  data  and  intended  usage. 

Specific  mission  profile  segments  and  basic  flight  conditions  in  which  high 
structural  loads,  high  vibration,  and/or  high  fatigue  damage  rates  occur 
were  identified  in  Task  IV.  All  rotating  and  stationary  components  for 
which  flight  loads  data  were  available  were  used  for  this  purpose.  Condi- 
tions uniquely  critical  to  each  type  of  helicopter  were  identified,  indicating 
that,  in  general,  the  critical  conditions  were  not  related  to  the  mission 
requirements.  In  most  cases  the  critical  conditions  appeared  to  be  the 
result  of  the  structural  design  of  the  specific  model  rather  than  a charac- 
teristic of  the  helicopter  type  as  a whole.  Four  maneuvers  were  found  to 
be  universally  critical  for  the  six  types.  These  were  found  to  be  related 
to  fundamental  helicopter  principles.  The  relationship  of  high  loads,  high 
fatigue  damage  rate,  and  high  vibration  was  discussed,  including  the  pro- 
pensity to  occur  individually  or  simultaneously.  High  vibration  was  found 
to  have  little  correlation  with  high  loads  or  high  fatigue  damage  based  on 
the  limited  data  available. 
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RECOMMENDATIONS 


Presentation  of  helicopter  operational  data  has  improved  greatly  since  the 
early  efforts  in  the  1950's.  In  spite  of  this  improvement,  a great  deal  of 
interpretation  was  necessary  for  this  effort.  Re-editing  one  of  the  data 
samples  into  the  segments  of  the  standard  profile  developed  in  this  report 
is  recommended.  This  would  demonstrate  that  the  stand  xrd  mission  seg- 
ments are  conducive  to  editing  operational  data.  Comparing  the  results 
of  the  re-edited  data  to  those  of  Figures  1 and  2 would  verify  the  distribu- 
tion techniques  and  assignment  of  maneuvering  portions  in  Task  II.  In 
addition,  presentation  of  load  factor  data  should  be  improved  to  allow 
determination  of  the  time  spent  at  each  load  factor  increment  and  to  the 
number  of  load  factor  peaks.  Previous  reports  have  recommended 
smaller  increments  and  inclusion  of  data  closer  to  the  lg  level.  This 
recommendation  is  reiterated  and,  in  addition,  correlation  of  load  factor 
occurrence  with  the  other  flight  parameters  is  strongly  recommended. 
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AERONAUTICAL  REQUIREMENTS,  Naval  Air  Systems  Command, 
AR-56,  17  February  1970. 

The  U.  S.  Naval  specification  covering  the  static  and  dynamic 
structural  design  criteria  and  structural  data  requirements  for  heli- 
copters. It  defines  the  minimum  requirements  for  flight,  ground, 
and  pilot  applied  loads,  the  loading  distribution,  and  stress  of  all 
components. 

CIVIL  AERONAUTICS  MANUALS  6,  including  Amendments  6-1 
through  6-4,  Federal  Aviation  Agency,  20  December  1956. 

The  Federal  Aviation  Agency  specifications  for  rotorcraft 
airworthiness.  This  manual  contains  sections  on  service  life 
determination,  including  percentage  of  occurrence  tables. 

ENGINEERING  DESIGN  HANDBOOK,  HELICOPTER,  PART  3, 
QUALIFICATION  ASSURANCE,  Army  Materiel  Command  Pamphlet 
706-203,  December  1971. 

This  handbook  is  the  U,  S.  Army  guideline  for  helicopter 
engineering.  Part  three  deals  with  qualification  assurance.  Section 
8-2  presents  methods  of  conducting  a flight  load  survey  and  gives 
some  examples  of  flight  conditions  that  should  be  surveyed. 

Roeser,  E.  n.  , and  Flowers,  J.  A.,  SURVEY  OF  HELICOPTER 
FLIGHT-LOAD  PARAMETERS,  Weptask  Problem  Assignment 
No.  1-22-71,  Aeronautical  Structures  Laboratory  Report  NAEC- 
ASL-1061,  U.  S.  Naval  Air  Engineering  Center,  Philadelphia, 
Pennsylvania,  27  September  1 963. 

The  objective  of  the  study  was  to  make  a field  survey  of  the 
helicopter  flight-load  environment.  It  was  necessary  to  develop 
and  install  a compact  recorder  system  which  would  require  a mini- 
mum of  field  maintenance.  Recorded  data  were  supplemented  with 
brief  pilot  reports.  The  program  was  carried  out  with  a minimum 
of  interference  to  squadron  operations.  Recorded  flight  data  were 
analyzed  with  the  objective  of  determining  the  essential  flight 
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parameters  necessary  to  best  describe  the  flight-load  history.  A 
statistical  presentation  of  representative  samples  of  flight  data 
covering  field  use  of  the  helicopter  was  made  including  histograms, 
exceedance  curves,  and  acceleration  spectra  tables. 

5.  Crim,  Aimer  D.,  and  Hazen,  Marlin  I'.,  NORMAL  ACCELERA- 
TIONS AND  OPERATING  CONDITIONS  ENCOUNTERED  BY  A HELI- 
COPTER IN  AIRMAIL  OPERATIONS,  Langley  Aeronautical 
Laboratory,  NACA  TN  2714,  National  Advisory  Committee  for 
Aeronautics,  Washington,  D.  C.,  June  1952. 

An  analysis  is  presented  of  the  normal  accelerations  and 
operating  conditions  encountered  by  a single-rotor  helicopter  engaged 
in  airmail  operations  in  the  vicinity  of  Los  Angeles  and  its  suburbs. 
Data  were  obtained  for  14  months  of  operation,  from  May  1950 
through  June  1951,  and  represent  1691  flights  (253  hours  of  flying 
time) . 


The  results  indicate  that,  for  this  type  of  operation,  maneuver 
loads  developed  in  routine  flight  are  often  greater  than  the  largest 
gust  loads.  Considering  the  maximum  positive  and  negative  accelera- 
tion increments  reached  in  each  flight,  approximately  54  percent  of 
these  maximums  were  due  to  maneuvers  occurring  either  at  takeoff 
or  during  the  landing  descent. 

The  largest  en-route  accelerations,  due  to  gusts  or  maneuvers, 
are  similar  in  magnitude  to  the  landing-descent  maneuver  loa'1". 
Maximum  increments  recorded  en  route  were  0.70g  and  -0.60g, 
wh:,e  corresponding  values  for  the  descent  were  0.60g  and  -0.55g. 

6.  Hazen,  Marlin  E.,  A STUDY  OF  NORMAL  ACCELERATIONS  AND 
OPERATING  CONDITIONS  EXPERIENCED  BY  HELICOPTERS  IN 
COMMERCIAL  AND  MILITARY  OPERATIONS,  Langley  Aeronautical 
Laboratory,  NACA  TN  3434,  National  Advisory  Committee  for 
Aeronautics,  Washington,  D.  C,,  ApriL  1955. 

An  analysis  is  presented  of  the  normal  accelerations  and 
operating  conditions  encountered  by  two  different  airmail  helicop- 
ters and  a military  pilot-trairing  helicopter.  The  results,  based 
on  4325  flights  (618  hours  of  flying  time),  indicate  that  man  - avers 
are  usually  responsible  for  the  relatively  large  accelerations 
encountered,  whereas  gusts  contribute  primarily  to  the  large  num- 
ber of  smaller  accelerations  and  the  corresponding  increase  in  the 
amount  of  time  spent  in  the  accelerated  state. 
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The  la  rue  st  maneuver  Loads  recorded  to  date  are  increments 
(measured  from  the  lg  normal-flight  condition)  of  1.40g  and  -1.25g, 
whereas  the  largest  gust-acceleration  increment  was  O.'jOg. 

The  percentages  of  total  flight  time  spent  in  the  various  flight 
conditions  and  speed  ranges,  as  well  as  the  acceleration  time 
histories,  arc  very  similar  for  the  two  airmail  helicopters  and 
appear  to  follow  a definite  pattern  as  contrasted  to  the  varied  operat- 
ing conditions  of  the  military  pilot-training  helicopter,. 

7.  Conner,  Andrew  B.,  and  Ludi,  LeRoy  H.,  A SUMMARY  OF 
OPERATING  CONDITIONS  EXPERIENCED  BY  TWO  HELICOPTERS 
IN  A COMMERCIAL  AND  MILITARY  OPERATION,  Langley  Research 
Center,  NASA  TN  D-251,  National  Aeronautics  and  Space  Adminis- 
tration, Washington,  D.  C.,  April  i960. 

A survey  is  presented  of  the  conditions  under  which  a helicopter 
engaged  in  commercial  operations  and  a helicopter  engaged  in 
military  operations  were  operated.  The  data,  obtained  with  an  NASA 
(formerly  NACA)  helicopter  VGHN  recorder,  represent  2366  flights 
or  410  flying  hours. 

The  results  indicate  that  neither  helicopter  was  operated  above 
the  maximum  allowable  airspeed  and  both  helicopters  spent  the 
largest  percentage  of  time  at  approximately  60  to  70  percent  of  the 
maximum  design  airspeed.  The  rates  of  climb  and  descent  were 
varied  and  distributed  over  the  entire  airspeed  range  for  both  heli- 
copters. During  this  survey,  both  helicopters  made  approximately 
six  landings  per  flying  hour.  Both  helicopters  were  operated  at 
normal  rotor  rotational  speeds  during  all  flight  conditions. 

The  center-ol'-gravity  normal  acceleration  experience  above  a 
threshold  of  ±0.4g  was  more  severe  in  the  military  operation  than  in 
the  airmail  operation. 

8.  Conner,  Andrew  B.,  A SUMMARY  OF  OPERATING  CONDITIONS 
EXPERIENCED  BY  THREE  MILITARY  HELICOPTERS  AND  A 
MOUNTAIN-BASED  COMMERCIAL  HELICOPTER,  Langley  Research 
Center,  NASA  TN  D-432,  National  A eronautics  and  Space  Adminis- 
tration, Washington,  D.  C.,  October  i960. 

The  results  of  a survey  of  the  flight  conditions  experienced  by 
three  military  helicopters  engaged  in  simulated  and  actual  military 
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in : s - Ki  ns , and  a commercial  !;  iico:.;*  r • 1 • > ■ • rat  ed  in  the  mountainous 
m rra.”  -- 1:  r run  ml  i n g Denver,  0>|ora  . , am  presented.  I in-  data, 
ntaiued  with  NASA  helicopter  YOllN  ■i  » rde r s,  n-prcscnt  <S  1 A 
1 1 1 g h t s or  3^'t  flying  hours,  and  am  compared  where  applicable  to 
previu  is  survey  results. 

Th e current  survey  results  d;ow  that  none  of  the  iuTicoplers 
exceeded  1 1 1 e maximum  design  airspeed.  Due  military  "helicopter, 
used  for  instrument  High!  training,  never  exceeded  70  percent  of  its 
maximum  design  airspeed. 

The  rates  of  c.Limi»  and  dt  srexi  utilized  by  the  IKK  trainiiui 
i .el iropte  r and  ot  the  mounla  tti-based  helicopter  wore  generally 
narrowly  distributed  withm  ail  the  airspeed  range.-.  The  number  of 
landings  per  hour  tor  all  four  ( : the  belie  opter-  ranger!  from  1 .n 
to  3.3. 

The  t u rbi  no  - engt  ne  helicopter  experienced  more  frequent 
normal-acceleration  increments  above  a threshold  ot  ±0.-lg  (where  g 
is  acceleration  due  to  gravity)  than  the  mountain- based  helicopter, 
but  the  mountain-based  helic  opter  experienced  acceleration  incre- 
ments of  greater  magnitude. 

Limited  rotor  rotational  speed  time  histories  showed  that  all 
the  helicopters  were  operated  at  normal  rotor  speeds  during  all 
flight  condition-. . 

'1  r nett,  Bruce,  el  al,  SUBTLY  Li-  STRAINS  AND  LOADS  EXPERI- 
ENCED BY  ‘IMF.  B ELL  II-  1 ill,  V KKTOL  II-21C,  AND  SIKORSKY 
11-  3 4 A HELICOPTERS  DU  KINO  SERVICE  OPERATION,  l.'niv.  rsitv 
of  Dayton  Research  Institute,  V.  ADD  IK  nO-.HlH,  Aer  ..aulicat  Sys- 
tems Di-'tston,  Air  Done  System-  Command,  United  States  Air 
1',-ri  • , •'  rl ..  i ,t  - 1 'a  tt  e r < .n  Air  i ci  e Base,  Ohio,  May  P'bl. 

i"'.vu  each  of  three  helicopter  models  (I1-13II,  II-21C,  and 
11-3-4A)  were  instrumented  to  yield  strain  and  operational  load 
information.  Datxi  were  acquired  during  several  months  ot  service 
; ,n  or  : . A.  A rir.v  urvaiti/.al  tons  . Load  and  strain  histories 
pre-enti  ii,  graphical  and  tabular  lurm.  A statistical  study  was 
i;inie  rt;i'"  ei!  to  i ns  est  i ga t e sampling  techniques  and  other  statistical 
a pec  ! • Ot  the  program. 
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OjC'ariu,  l iar.H'1  .i  . . A SI'MMAKY  l )}•  Oi’i.KA:  hiXAi.  K.\ ! ' K K 1 K X(  i 6 
OK  1 I ! R !•:  K LIC.in  t •I'-'.K  IK  AllOX  i ! !■  ! . l<  i )\ ' i K R AXl)  IV..'  LARiT' 
LOAD- LIT  ! 1XX  Mil.!  I A : ! ! i I .K  ( , • i K I-.-,,  L,t.;ew\  1 \ i rci: 

Center,  NASA  I X D--11V.0,  Xalmnal  Aeronautn  - and  Space  Adrninis- 
t ration,  Washington,  l).  C.,  September  ll,o7. 

A survey  ui  the  operations  o!  three  dillei-eut  proto’vpe  lisji-t 
observation  helicopte  r .->  and  of  two  larpe  load  - i i : t i nu  helicopters, 
each  involved  in  simulated  military  operations,  was  conducted  with 
Helicopter  flight  recorders  in  order  to  provide  a basis  lor  extending 
helicopter  design  and  service  life  criteria.  The  data  are  representa- 
tive of  3064  fliuhts  (ZttTO  flynip  hours)  for  tin  iiunt  helicopters  and 
14'.1  fliuhts  [ 1 Z 6 flvmu  hoers)  for  the  load  lifters.  Tin  operating 
esperiont'es  are  presented  in  terms  ol  the  time  spent  wit  It  in  different 
airspeed  brackets,  the  classifiable  flipht  conditions  o1  elimb,  en 
route,  and  descent,  .and  at  different  rotor  rotational  speeds.  Xurrnal 
acceleration  occurrences  above  tin-  incremental  value  of  ±0.4u  are 
also  p res  cut  ec! . 

Results  for  this  sur\ev  snow  t'nat  eacu  r.el  icopte  r spent  a larue 
amount  of  time  in  t!u  upper  portion  of  tne  speed  rauu'  and  exceeded 
its  handbook  maximum  veloeity  for  ti  small  percet.tam  of  the  total 
flight  time.  Broad  variations  in  rates  of  climb  and  descent  occurred 
over  a wide  ranpc  of  a i r speeds  . Xurrnal  acceleration  experiences 
reached  76  to  'is  percent  o!  the  a e rody  nanuea  lb  attainable  maximum 
estimated  for  the-  speritie  fliulit  conditions.  Rotor  rotational  speeds 
were  held  at  the  normal  values  for  most  ol  tne  liiuht  time,  but  a 
larpe  number  of  values  exceeded  either  the  upper  lower  red  line 
limits. 

11.  C , L.ar  K . , etai.  Lil-l!  i i K LiCOL  ! 1 ' R i LlC.il  I 
IXVIXIK.A  llt’N  idUK.K.X',  i • undo.-  I 

! i s • ■ n - 1 o,  i . S , \ . ■ : : j ■ . . ’ .ill  i . . • ; i • i . . ' 

V : ••  ■_  i r. ia , Mav  1 • * t , A i ) i . •>  i 1 • J . 

To  provide  designers  with  the  load  spectr.i  experii  need  1 > y opera- 
tional aircraft,  a flight  loads  in\ estimation  prour.m  'a.:»  performed  tor 
UII-IP)  aircraft  under  simulated  combat  tonditi  uis. 
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Thu  operational  characteristics  of  the  UH-IB  are  analyzed  in  * 

the  21 ''-hour  statistical  sample  of  data  compiled  in  this  report. 

Parameters  measured  included  airspeed,  altitude,  outside  air  tem- 
perature, acceleration  at  the  aircraft  center  of  gravity,  main  rotor 
rpm,  collective  stick  positions,  longitudinal  cyclic  stick  position, 
and  engine  torque.  Supplementary  information  for  each  flight  con- 
sisted of  i;ross  weight,  type  of  mission,  and  barometric  pressure. 

An  airborne  oscillographic  recorder  system  was  used  to  obtain  the 
data. 

The  data  from  each  flight  were  classified  as  belonging  to  one 
of  the  following  four  mission  segments:  ascent,  descent,  maneuver, 
or  steady  state.  By  grouping  and  correlating  the  various  parameters 
with  the  supplemental  information  provided,  exceedance  curves, 
histograms,  and  gust  spectra  were  generated  to  provide  guidelines 
for  aircraft  design. 

Comparison  of  the  gust  response  of  the  FII-IB  helicopter  to 
* that  of  the  OV-IA  fixed-wing  aircraft  indicated  that  perhaps  a 

theoretical  gust  factor  for  helicopters  could  be  related  to  derived 
gust  velocities  for  fixed-wing  aircraft.  This  gust  analysis  was  con- 
ducted by  Technology  Incorporated. 

12.  Braun,  Joseph  F.  , et  al,  CII-54A  SKY  CRANK  HELICOPTER  FLIGHT 
LOADS  INVESTIGATION  PROGRAM,  Technology  Incorporated, 

USAAVLABS  TR  66-58,  U.  S.  Army  Aviation  .Materiel  Laboratories, 

Fort  Fustis,  Virginia,  June  lu66,  AD  6 58364. 
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This  report  deals  with  the  analysis  of  1 10,4  hours  of  CH-54A 
Skycrane  flight  loads  data.  Oscillograph  recorders  were  used  to 
collect  the  parameters  measured,  including  airspeed,  altitude, 
vertical  acceleration  at  center  of  gravity,  main  rotor  rpm,  longi- 
tudinal cyclic  stick  position,  collective  stick  position,  outside  air 
temperature,  torque  on  each  engine,  and  gas  producer  rpm  on  each 
engine.  Barometric  pressure  and  takeoff-and -landing  gross  weight 
estimates  were  also  recorded  as  supplemental  information.  The 
flight  data  were  divided  into  four  categories  by  mission:  ascent, 
maneuver,  descent,  and  steady  state.  The  aircraft  were  perform- 
ing their  normal  mission  functions  during  the  period  in  which  the 
data  were  collected. 
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Time  history  tables,  histograms,  peak  counts,  and  exceedance 
curves  were  generated  from  the  data.  As  a result  ot  this  study, 
designers  now  have  a limited  sample  of  conditions  experienced  by 
four  CH-54A  aircraft  in  the  field. 

13.  Braun,  Joseph  F.,  and  Glossier,  F.  Joseph,  CH-47A  CHINOOK 
FLIGHT  LOADS  INVESTIGATION  PROGRAM,  Technology  Incorpora- 
ted, USAAVLABS  TR  66-68,  U.  S.  Army  Aviation  Materiel  Labora- 
tories, Fort  Eustis,  Virginia,  July  1966,  AD  640142. 

This  report  covers  the  collection  and  presentation  of  165  hours 
of  usable  flight  data  for  the  CH-47A  helicopter.  The  data  recording 
system  and  the  data  processing  procedure  are  described,  and  an 
analysis  summary  of  the  results  of  the  flight  data  is  presented.  The 
flight  data  were  recorded  between  9 ScpL  mber  1964  and  2 December 
1965.  The  area  of  operation  was  primarily  at  or  adjacent  to  Fort. 
Benning,  Georgia.  To  analyze  parameters  according  to  distinct 
flight  phases,  the  reduced  data  were  separated  into  four  mission 
segments:  takeoff  and  ascent;  maneuver;  descent,  flare,  and  land- 

ing; and  steady  state.  In  the  form  of  tables,  histograms,  and 
exceedance  curves,  the  data  indicate  the  time  flown  in  the  mission 
segments  and  parameter  ranges,  and  the  number  of  parameter  peaks 
occurring  in.  the  missions  and  ranges  of  other  parameters.  Exceed- 
ance curves  are  given  for  both  the  maneuver  and  the  gust  normal 
load  factors  . 

14.  Giessler,  F.  Joseph,  and  Braun,  Joseph  F.,  FLIGHT  LOADS 
INVESTIGATION  OF  COMBAT  ARMED  AND  ARMORED  CH-47A 
HELICOPTERS  OPERATING  IN  SOUTHEAST  ASIA,  Technology 
Incorporated,  USAAVLABS  TR  68-1,  U.  S.  A rmy  Aviation  Materiel 
Laboratories,  Fort  Eustis,  Virginia,  March  1968,  AD  671672. 

From  a structural  flight  loads  program  on  three  armed  and 
armored  CH-47A  helicopters,  207  hours  of  valid  multichannel  flight 
data  were  recorded  as  the  helicopters  operated  from  air  bases  in 
Southeast  Asia.  Data  were  processed  and  analyzed  according  to  four 
distinct  flight  phases,  termed  mission  segments:  takeoff  and  ascent; 

maneuver;  descent,  flare,  and  landing;  and  steady  state.  Data  are 
presented  in  the  form  of  time  and  occurrence  tables,  histograms, 
and  exceedance  curves.  These  data  indicate  the  time  spent  in  the 
mission  segments  and  parameter  ranges;  the  number  of  peak  param- 
eter values  occurring  in  the  ranges  of  the  given  parameter  during 
each  of  the  mission  segments,  and  in  the  ranges  of  one  or  more 
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related  parameters;  and  the  time  to  reach  or  exceed  given  maneuver 
and  gust  normal  load  factors  and  lateral  and  longitudinal  load  factors. 
The  largest  normal  load  factor  was  1 .45,  which  occurred  at  a 100- 
knot  airspeed  and  with  a 28,027 -pound  gross  weight.  In  contrast  to 
previous  studies  of  cargo  and  transport  CH-47A's  whose  activity  was 
mostly  under  steady-state  conditions,  the  armed  CII-47A's  spent  more 
than  half  of  their  time  in  the  maneuver  mission  segment  and  had  a 
much  more  pronounced  loads  spectrum, 

dossier,  F.  Joseph,  and  Braun,  Joseph  F.,  FLIGHT  LOADS 
INVESTIGATION  OF  CARGO  AND  TRANSPORT  CI1-47A  HELICOP- 
TERS OPERATING  IN  SOUTHEAST  ASIA,  Technology  Incorporated, 
USAAVLABS  TR  68-2,  U.  S.  Army  Aviation  Materiel  Laboratories, 
Fort  Eustis,  Virginia,  April  1(*68,  AD  672842. 

From  a structural  flig'nt  loads  program  on  four  C1I-47A  cargo 
and  transport  helicopters,  2-14.76  hours  of  valid  multichannel  flight 
data  were  recorded  as  the  helicopters  operated  from  air  bases  in 
Southeast  Asia.  Data  were  processed  and  analyzed  according  to  four 
distinct  flight  phases,  termed  mission  segments:  takeoff  and  ascent; 

maneuver;  descent,  flare,  and  landing;  and  steady  state.  Data  are 
presented  in  the  form  of  time  and  occurrence'  tables,  histograms, 
and  exceedance  curve  s.  These  data  indicate  the  time  spent  in  the 
mission  segments  and  parameter  ranges:  the  number  of  peak  param- 
eter values  occurring  in  the  range's  of  the1  given  parameter  during 
each  of  the  mission  segments,  anti  in  the  ranges  of  one  or  more 
related  parameters;  and  the  time  to  reach  or  exceed  given  maneuver 
and  gust  normal  load  factors.  The  large-st  normal  load  factor  was 
1.628,  which  occurred  at  a 43-knot  airspeed  and  with  a 22,100-pound 
gross  weight.  In  contrast  to  a ..uncurrcnt  study  of  armed  CII-47A's 
whose  activity  was  mostly  under  maneuvering  conditions,  the  cargo 
and  transport  CII-47A's  spent  over  b4  percent  of  their  time  in  the 
steady-state  mission  segment. 

Glossier,  F.  Joseph,  ct  al,  FLIGHT  LOADS  INVESTIGATION  OF 
AH  - 1G  HELICOPTERS  OPERATING  IN  SOUTHEAST  ASIA,  Tech- 
nology Incorporated,  USAAVLABS  TR  70-41,  U.  S.  Army  Aviation 
Materiel  Laboratories,  Fort  Eustis,  Virginia,  Septembe  r 1470, 

AD  878034. 

From  a structural  thght  loads  program  no  three  AH- 1G  heli- 
copters, 408.2  hours  ef  valid  multichannel  flight  data  were  recorded 
as  the  helicopters  operated  from  bases  in  Soutneast  Asia.  Data  were 


processed  and  analyzed  according  to  four  distinct  flight  phases, 
termed  mission  segments:  tal  eoff  and  ascent,  maneuver;  descent, 

flare,  and  landing;  and  steady  state.  Data  tire  presented  in  the  form 
of  time  and  occurrence  tables,  histograms,  and  exceedance  curves. 
These  data  indicate  the  time  spent  in  the  mission  segments  and 
parameter  ranges:  the  number  of  peak  parameter  values  occurring 
in  the  ranges  of  the  given  parameter  during  era  i.  of  the  mission 
segments,  and  in  the  ranges  of  one  or  more  related  parameters:  and 
the  time  to  reach  or  exceed  given  maneuver  and  gust  normal  load 
factors.  The  data  are  presented  in  two  samples  ot  201.7  hours  and 
20t>.5  hours.  These  samples,  identified  as  Sample  I and  Sample  II 
respectively,  were  obtained  consecutively.  Sample  I was  recorded 
between  August  1 ' * t i and  April  D'o1*,  and  San. ole  II  was  recorded 
between  April  P'o'*  and  November  1 ‘ *o  This  separate  presentation 
is  made  to  permit  an  evaluation  of  the  validity  u the  200-hour  sample 
as  an  adequate  data  base.  The  differences  between  the  two  samples 
were  minor,  and  the  two  samples  were  observed  to  be  similar  in 
their  distributions  of  flight  data. 

17.  Giessler,  F.  Joseph,  eta!,  FLIGHT  LOADS  INVESTIGATION  OF 
CH-54A  HELICOPTERS  OPERATING  IN  SOUTHEAST  ASIA,  Tech- 
nology Incorporated,  USAAYI.ARS  TR  70-73,  Eustis  Directorate, 

U.  S.  Army  Air  Mobility  Research  and  Development  Laboratory, 

Fort  Eustis,  Virginia,  January  1“71,  AD  s,sl23S. 

During  a structural  flight  loads  program  on  six  CH-54A.  heli- 
copters operating  in  the  Vietnam  theater,  1 0-lv  hours  of  11 -channel 
flight  data  were  rei  ordv.  1 ' tween  August  l'-t  anti  February  F'70, 

To  study  the  adequacy  of  a 200-hour  data  sample,  as  well  as  to 
derive  appropriate  environmental  loads  spectra,  two  sets  of  valid 
data,  one  represent  ing  204  hours  and  the  sec  >:-.  1 207  hours,  were 
processed  and  analyzed  according  t i :our  distin  t ;i:ght  pha-e?, 
termed  mission  segments:  takeoff  and  ,,o.;;t:  umenver-  -.-••scent, 
flare,  and  landing:  and  steady  state.  Date,  are  presented  in  the  form 
of  time  and  occurrence  tables,  histograms,  and  exceedance  curves. 
These  data  indicate  the  time  spent  in  the  missim  segments  and 
parameter  ranges:  the  number  of  pear-  paramour  values  occurring 
in  the  ranges  of  the  given  parameter  during  each,  of  the  mission 
segments,  and  in  the  ranges  of  one  or  more  related  parameters; 
and  the  time  to  read,  or  exceed  given  maneuver  and  gust  normal 
load  factors.  The  analysis  of  the  two  sets  of  data  presentations 
revealed  that  the  two  samples  differed  little  and  compared  closely 
in  their  distribution  of  Lie  flight  data. 
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Johnson,  Raymond  B.  , Jr.,  Clay,  Larry  E.  , Myers,  Ruth  E.  , 
OPERATIONAL  USE  OF  UK- 111  HELICOPTERS  IN  SOUTHEAST 
ASIA,  Technology  Incorporated,  USAAMRDL  TR  73-15,  Eustis 
Directorate,  U.  S.  Army  Air  Mobility  Research  and  Development 
Laboratory,  Fort  Eustis,  Virginia,  May  1(|73,  AD  764260. 

From  operational  usage  parameter  measurements  on  three 
UH-IH  helicopters,  203  hours  of  valid  multichannel  flight  data  were 
recorded  while  the  helicopters  operated  from  bases  in  Southeast 
Asia.  Data  were  processed  and  analysed  according  to  four  flight 
phases,  called  mission  segments:  ascent,  maneuvei,  descent,  and 
steady  state.  Data  are  presented  in  the  form  of  time  and  occurrence 
tables,  cumulative  frequency  distribution  curves,  and  exceedance 
curves.  These  data  indicate  the  time  spent  in  the  mission  segments 
and  parameter  ranges;  the  number  of  peak  parameter  values 
occurring  in  the  ranges  of  the  given  parameter  during  each  of  the 
mission  segments,  and  in  the  ranges  of  one  or  more  related  param- 
eters; and  the  time  to  reach  or  exceed  given  maneuver  or  gust 
normal  load  factors.  The  data  presented  were  recorded  between 
September  1471  and  March  1472. 


IT  Giessler,  F.  Joseph,  et  al,  FLIGHT  LOADS  INVESTIGATION  OF 
OH-6  A HELICOPTERS  OPERATING  IN  SOUTHEAST  ASIA,  Tech- 
nology Incorporated,  USAAMRDL  TR  71-60,  Eustis  Directorate, 

U.  S.  Army  Air  Mobility  Research  and  Development  Laboratory, 

Fort  Eustis,  Virginia,  October  1971,  AD  738202. 

From  structural  flight  loads  measurements  on  three  OH-6A 
helicopters,  216  hours  of  usable  multichannel  flight  data  were 
recorded  as  the  helicopters  operated  from  bases  in  Southeast  Asia. 
Data  were  processed  and  analyzed  according  to  four  flight  phases, 
called  mission  segments:  ascent,  maneuver,  descent,  and  steady 
state.  Data  are  presented  in  the  form  of  time  and  occurrence  tables, 
histograms,  and  exceedance  curves.  These  data  indicate  the  time 
spent  in  the  mission  segments  and  parameter  ranges;  the  number  of 
peak  parameter  values  occurring  in  the  ranges  of  the  given  param- 
eter during  each  of  the  mission  segments,  and  in  the  ranges  of  one 
or  more  related  parameters;  and  the  time  to  reach  or  exceed  given 
maneuver  and  gust  normal  load  factors.  The  data  presented  were 
recorded  between  March  and  September  1 970.  The  OH-6A's  en- 
countered more  load  factor  peaks  per  hour  but  fewer  Anz  (incre- 
mental normal  load  factor)  peaks  above  1.0  than  the  heavier  AH-lG's 
in  a previous  program. 
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Mongillo,  A.  L.  , Jr.  , and  Johnson,  S.  M.  , CH-54A  DESIGN  AND 
OPERATIONAL  FLIGHT  LOADS  STUDY,  Sikorsky  Aircraft  Division 
of  United  Aircraft  Corp.,  unpublished  report,  Eustis  Directorate, 

U.  S.  Army  Air  Mobility  Research  and  Development  Laboratory, 
Fort  Eustis,  Virginia. 

Sikorsky  Aircraft  has  conducted  an  analysis  and  correlation 
st”dv  of  predicted  fatigue  design  data  and  operational  flight  loads 
data  for  crane-type  helicopters.  The  purpose  of  the  study  was  to 
compare  operational  mission  profiles  with  a design  mission  profile 
and  to  provide  data  for  use  in  establishing  structural  design  criteria 
for  future  Army  helicopters. 


In  this  study,  flight  loads  and  usage  data  from  USAAVLABS 
Technical  Report  70-73,  "PTight  Investigation  of  CH-54A  Helicopters 
Operating  in  Southeast  Asia,  " were  compared  with  CH-54A  design 
data.  The  effects  of  gross  weight  and  auitude  on  true  airspeed  were 
determined.  Fatigue  spectra  were  developed  for  six  dynamic  com- 
ponents, and  fatigue  lives  were  calculated  for  these  components. 
These  fatigue  lives  were  compared  with  lives  predicted  during 
CH-54A  design.  Service  histories  for  these  components  were 
reviewed,  and  it  was  found  that  none  of  the  changes  made  in  these 
components  resulted  from  load  conditions.  Peak  operational  load 
parameters  were  compared  with  limit  static  design  values.  Recom- 
mendations were  then  developed  to  assist  in  establishing  future  crane 
helicopter  fatigue  design  criteria. 

Comparison  of  CH-54A  operational  mission  profiles  with  the 
design  mission  profile  indicated  that  crane  operating  conditions  in  a 
combat  environment  were  generally  less  severe  than  predicted.  The 
fatigue  substantiation  of  the  six  selected  components  confirmed  this. 
Extended  or  "unlimited"  replacement  times  resulted  for  all  six 
components . 

Airspeeds  above  90  knots  were  rarely  associated  with  an 
external  payload  configuration.  Most  aircraft  flight  time  occurred 
in  a density  altitude  range  of  Z000  to  5000  feet.  Approximately 
97  percent  of  the  measured  load  factor  peaks  occurred  at  gross 
weights  at  or  below  29,000  pounds. 


I titlin'  Army  helicopter  designs  will  benefit  from  improved 
data  eolieetion  and  editing  li  chniques  . Bitter  definition  of  discrete 
ground  and  flight  regimes  is  required  to  develop  accurate  mission 
profiles.  Consideration  should  be  given  to  development  of  a com- 
posite operational  spectrum  based  upon  a combat  environment  and 
on  peacetime  opc'ation.  Knowledge  of  peak  loads  and  specific  load 
parameters,  such  as  main  rotor  head  moment  or  main  and  tail  rotor 
flapping  angles,  would  yield  more  accurate  fatigue  lead  prediction. 

Glass,  Max  E.,  et  al,  A1I-1C  DESIGN  AND  OPERATIONAL  FLIGHT 
LOADS  STUDY,  Bell  Helicopter  Company,  Fort  Worth,  Texas, 
unpublished  report,  Eustis  Direc  torate.  U.  S.  Army  Air  Mobility 
Research  and  Development  Laboratory,  Fort  Eustis,  Virginia. 

This  report  compares  Ail-iG  helicopter  Southeast  Asia  mission 
profiles  with  the  original  engineering  i requency-of-occur roncc  spec- 
trum and  the  Navy  AR-S6  spectrum  for  attack  helicopters.  Fatigue 
lives  calculated  using  the  Southeast  Asia  profile  are  compared  with 
those  determined  using  the  original  f requency-of-occu r rencc  spec- 
trum. The  development  cycle  of  the  Bell  HeLicopter  Company  Model 
640  rotor  system  is  reviewed,  and  the*  fatigue  design  methods  used 
are  presented.  Maximum  one-time  occurrences  measured  in  the 
Southeast- A sia  operational  survey  are  compared  with  those  specified 
in  the  AI1-1G  structural  design  criteria  and  those  measured  in 
structural  demonstration  flight  tests.  Recommendations  are  made 
regarding  future  mission  survey.-,  the  structural  design  criteria  for 
attack  helicopters,  and  the  upgrading  of  rotor  loads  prediction 
capability . 

He rskoyitz,  A.,  CII-47A  DESIGN  AND  OPERATIONAL  FLIGHT 
LOADS  STUDY,  The  Boeing  Company,  Vert.oi  Division,  Philadelphia, 
Pennsylvania,  unpublished  report,  Eustis  Directorate,  U.  S.  Army 
Air  Mobility  Research  and  DewTopment  Laboratory,  Fort  Eustis, 

V irgi nia . 

The  purpose  of  this  study  was  to  evaluate  the  adequacy  ol 
current  structural  design  criteria  for  future  cargo  and  Lransport- 
tvpe  helicopters  based  on  the  design,  development,  and  operational 
use  of  the  C1I-47A  Chinook  helicopter.  It  was  concluded  that  current 
structural  design  criteria  arc  adequate  to  ensure  structural  salety. 
Specifications  for  procurement  ui  new  helicopters  should  be  modified 
to  provide  the  most  realistic  mission  description  possible  lor  fatigue 
design,  with  the  objective  of  simplifying  the  design  task. 
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While  analyzing  CI1-47A  operational  'lata,  several  deficiencies 
were  identified  in  the  data  acquisition  and  analvsis  process.  Lhe  d<  - 
ficiencies  can  be  overcome  in  future  field  sur\ev  work  h\'  cooperative 
advanced  planning  between  the  cognizant  Army  .money,  the  helicopter 
manufacturer,  and  the  contractor  responsible  for  data  acquisition 
and  analysis. 

OH -6 A DESIGN  AND  OPERATIONAL  FiJGHT  LOADS  STUDY,  Hughes 
Helicopters.  Cuiver  City,  California,  USAAMRDL  TK  7i-21,  P.’ustis 
Directorate,  U.  S.  Army  Air  Mobility  Rc.ieari  i.  and  Development 
Laboratory,  Furl  Euslis,  Virginia,  Januar-.  l'«7-l,  AD77oH3J. 

A study  has  been  conducted  by  Hughes  Helicopters  to  analyze 
and  correlate  OII-6A  helicopter  engineering  design  criteria  and  actual 
operational  flight  load  data  recorded  in  Southeast  Asia.  Laser!  on  the 
results  of  the  study,  recommendations  are  made  for  additions  and 
changes  to  improve  the  structural  design  criteria  for  future  Army  ob- 
servation type  helicopters.  These  recommendations  were  based  on 
the  results  of  four  steps.  First  a mission  profile  was  developed  cor- 
responding to  the  operational  data.  Step  two  was  an  evaluation  of  the 
effect  of  the  derived  spectrum  on  the  fatigue  life  of  main  and  tail  rotor 
components.  Step  three  was  an  historical  synopsis  and  correlation 
of  OH-6A  design  changes  and  changes  in  mission  assignment.  Step 
four  was  a comparison  of  maximum  and  minimum  one-time  occur- 
rences of  selected  parameters  between  the  operational  data,  design 
criteria,  and  values  measured  during  engineering  development  tests. 

Not  available. 


Porterfield,  John  S.  , and  Maloney,  Paul  F.  , EVALUATION  OF 
HELICOPTER  FLIGHT  SPECTRUM  DATA,  l-.aman  Corp.  , 
USAAVLABS  TR  68-68,  U.  S.  Army  Aviation  Materiel  Laboratories, 
Fort  Eustis,  Virginia,  October  IGA,  AD 

This  report  evaluates  helicopter  flight  spectrum  data  pi  en- 
viously recorded  and  published  in  other  reports,  with  emphasis  on 
the  UH-1B  utility,  CH-47A  cargo,  and  CU-5L4  'oad-lifting  helicop- 
ters as  used  in  the  Army  environment.  A limited  statistical  analysis 
of  the  data  is  presented  for  those  parameters  ! >r  which  sufficient 
data  were  available.  The  report  includes  a c o.i  parison  ol  the  night- 
measured  data  with  the  spectrum  appearing  in  Appendix  A oi  Civil 
Aeronautics  Manual  6,  and  with  the  assumed  fatigue  substantiation 
spectrum,  where  this  was  available.  Discussion  and  evaluation  oi 
the  spectrum  variations  that  do  occur,  particular! v as  they  might 
affect  component  fatigue  lives,  are  also  ineluOed. 


A method  for  deriving  an  operational  spectrum  for  the  classes 
of  helicopters  evaluated  is  presented  along  with  discussion  of  some 
of  the  con s ide rations  and  judgment  which  play  a part  in  the  establish- 
ment of  a rational,  conservative  spectrum  for  the  critical  components. 

Porterfield,  John  1).,  et  al,  THE  CORRELATION  AND  EVALUATION 
OF  A II - 1 G , Cl  1-54 A,  AND  OII-6A  FLIGHT  SPECTRA  DATA  FROM 
SOUTHEAST  ASIA  OPERATIONS,  Hainan  Corp.  , USA AMRDL  TR  72-56. 
Eustis  Directorate,  U.S.  Army  Air  Mobility  Research  and  Develop- 
ment Laboratory.  Fort  Eustis,  Virginia,  October  1"72,  AD  755554. 

This  report  evaluates  the  flight  spectra  data  for  three  vastly 
different  types  of  helicopters  flown  under  combat  conditions  in 
Southeast  Asia:  the  AH-IG,  a high-speed  gunship;  the  CH-54A,  a 
heavy-lift  helicopter;  and  the  OH-6A,  a light,  highly  maneuverable 
observation  helicopter.  The  flight  spectra  data  for  these  three  ships 
were  compared  to  one  another,  to  flight  spectra  data  obtained  from 
other  helicopters,  and  to  the  spectrum  shown  in  Appendix  A of  Civil 
Aeronautics  Manual  6.  The  relationship  to  empirical  fatigue  sub- 
stantiation spectra  used  to  establish  component  service  lives  for 
these  three  helicopters  is  also  shown.  Evaluations  and  correlations 
of  these  spectra  are  presented;  where  variations  occur,  their  prob- 
able cause  and  possible  effects  on  fatigue  life  are  discussed. 

Graham,  G.  L.  , COMP, AT  OPERATIONAL  FLIGHT  PROFILES  ON 
THE  UII-1C,  AH  - 1 G,  AND  UII- HI  HELICOP  TERS,  Bell  Helicopter 
Co.,  Fort  Worth,  Texas,  presented  at  26th  Annual  National  Forum 
of  AHS,  June  1 "70. 

In  1"65  a prototype  recorder  was  developed  and  evaluated  in 
support  of  a program  to  obtain  data  concerning  the  operational  usage 
of  each  type  of  Bell  Huey  helicopter  currently  deployed  in  Vietnam. 

As  a result,  in  July  of  1 "07  nine  recorders  were  fabricated  and 
shipped  to  South  Vietnam  for  installation  in  combat  assault  aircraft. 
This  paper  presents  the  results  of  the  data  obtained  from  this  pro- 
gram, anrl  compares  operational  flight  spectrums  with  the  predicted 
frequency  of  occurrence  spectrum. 

Feckharn,  C.  G.  , etal,  A STRUCTURAL  FLIGHT  LOADS  RECORD- 
ING PROGRAM  ON  CIVIL  TRANSPORT  HELICOPTERS,  Technology 
Incorporated,  Federal  Aviation  Agency  Technical  Report 
FAA-ADS-7'i,  July  1%6. 





A flight  loads  program  on  i transport  helicopter  was  conducted 
using  a Boeing- Vertol  107-11  helicopter  operated  by  New  York 
Airways.  The  following  parameters  were  measured:  airspeed, 

altitude1,  vertical  load  factor,  pitch  rate,  rotor  rpm,  and  two  engine 
torques.  Calculations  based  on  the  measured  parameters  included 
the  running  gross  weight  and  rate  of  climb.  The  data  were  grouped 
into  mission  segments  of  takeoff  and  ascent;  cruise;  descent,  flare 
and  landing,  and  hover.  After  the  best  method  of  data  presentation 
was  determined,  the  data  were  sorted  by  parameter  ranges.  The 
primary  presentation  is  in  the  form  of  bivariate  and  trivariate  tables 
showing  the  time  spent  in  each  data  range.  Some  of  the  more  sig- 
nificant data  effects  are  presented  as  histograms.  The  vertical  load 
factor  and  pitch  rate  data  are  presented  as  exceedance  and  proba- 
bility curves . 

35.  Giessler,  F.  J.,  and  Braun,  J.  !•'.,  A HELICOPTER  STRUCTURAL 
FLIGHT  LOADS  RECORDING  PROGRAM,  Technology  Incorporated, 
Federal  Aviation  Agency  Technical  Report  FAA-ADS-89,  December 
1966. 

A flight  loads  program  was  conducted  on  a Sikorsky  S61N  trans- 
port helicopter  operated  by  San  Francisco-Oakland  Helicopter  Air- 
lines, Inc.  The  following  parameters  were  measured:  airspeed, 
altitude,  longitudinal  cyclic  stick  position,  collective  stick  position, 
two  engine  torques,  normal  acceleration  at  center  of  gravity,  yaw 
angular  rate,  pitch  angular  rale,  and  rpm.  The  rate  of  climb, 
thrust  coefficient,  and  tip  speed  ratio  were  calculated  from  the 
measured  parameters.  The  data  were  grouped  into  flight  segments 
of  takeoff  and  ascent;  cruise;  descent,  flare  and  landing;  and  hover. 
The  data  were  sorted  by  parameter  ranges  and  arc  presented  as 
bivariate  and  trivariate  tables  showing  the  time  spent  in  each  data 
range.  Histograms  present  some  of  the  more  significant  aspects  of 
the  data,  and  exceedance  and  probability  curves  depict  the  vertical 
load  factor  and  the  pitch  and  yaw  rates. 
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.i  i sur, , W.  R . , Jr.,  I A . Col.,  a nr!  Du  nil  am,  .1 . R . , 1 ,t . Col . , 

resume  ok  unit kd  status  army  hulk  optijr  in  Vietnam, 

Paper  No.  Ail  of  thi-  24th  Annual  National  Forum  of  the  AHS, 

May  P‘bX. 

This  paper  addresses  the  following  two  aspects  of  helicopter 
operations  in  Vietnam: 

PART  I 


A broad  description  of  the  different  types  of  missions  being 
flown  with  some  data  depicting  the  scope  of  the  mission,  frequency 
of  occurrence,  loads  transported,  distances  involved,  time  of  day 
performed,  command  and  control  techniques,  and  other  information 
that  assists  in  portraying  the  helicopters'  usage  in  the  total  force 
effort. 


PART  II 

Since  most  of  the  helicopters  user!  in  Vietnam  were  not  designed 
to  perform  specific  missions  demanded  by  the  Southeast  Asia  environ- 
ment, recommended  changes  in  characteristics  and  features  in  the 
next  generation  of  aircraft  from  an  operational,  safety  and  maintain- 
ability viewpoint  are  described.  Examples  of  changes  are  stated 
and  suggested  design  criteria  discussed. 

Shad  rick,  U.  W.  , l.t.  Col.  , et  al,  INTEGRATED  OPERATIONS  OF 
MARINE  CORPS  LIGHT,  MEDIUM,  AND  HEAVY  HELICOPTERS  IN 
VIETNAM,  Paper  No.  242  of  the  24th  Annual  National  Forum  of  the 
AHS,  May  l"6K. 

The  objective  of  this  paper  is  to  present  an  image  of  the  tacti- 
cal use  of  helicopters  by  the  Marine  Corps  during  operations  in  the 
Republic  of  Vietnam.  Emphasis  is  placed  on  the  combat  assault.  In 
addition,  the  decision  by  the  Marine  Corps  to  arm  helicopters  and 
some  future  implications  are  covered. 
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Brown,  \V.  P.  , and  Rooser,  In.  P.  , COMPARISON  OF  IIFl.ICOP- 
T PR  COMBAT  FN  VIRONM  FNTS  TO  S I'R  F C IT  R A I . CRITFRIA 
R L'QL'IR  ICM  FNTS,  Boeing- Vertol,  M.val  Air  Do  vclopm  mil  Outer, 
presented  at  the  Z t h Annual  National  F'orni  of  the  Alls,  May  1 ‘T0, 

The  extended  use  of  helicopters  in  unforeseen  com  hat  opera- 
tions has  amplified  the  need  for  flight  recorder  programs  to  rlcter- 
mine  the  range  of  mission  profiles.  These  conditions  in  many  cases 
may  depart  significantly  from  the  spectra  considered  in  the  original 
design  and  development  of  the  aircraft. 


A flight  recorder  program  was  initiated  to  determine  the  oper- 
ating environments  of  four  instrumented  CII-46D  Sea  Knight  helicop- 
ters. These  aircraft  have  seen  extensive  combat  use  by  U.  S.  Marines 
in  South  Vietnam.  In  addition,  flight  loads  were  measured  In  criti- 
cal linkages  to  evaluate  the  structural  fatigue  capabilities  of  the 
CH-46. 


i 


< 


Analysis  of  the  flight  recorder  data  and  comparison  with  cur- 
rent fatigue  design  profiles  show  that  the  aircraft  design  criteria  are 
adequately  and  necessarily  conservative.  It  is  pointed  out,  however, 
that  the  measurements  reflect  only  a small  sample  of  data.  Addi- 
tional operational  flight  load  strain  survey  programs  arc  encouraged. 
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